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Some New Developments 
in Agricultural Science 
F. B. MUMFORD, Director 
The most significant event during the year covered by this report was the 
passage of the Purnell Act by Congress to authorize the more complete en-
dowment of agricultural experiment stations. This legislation by Congress 
following as it does the first and second Morrill Acts, the Nelson amendment, 
and the Hatch and Adams Acts, is an official recognition of the character and 
worth of the work accomplished by the colleges of agriculture, including 
experiment stations, in the United States. The Purnell Act provides additional 
amounts for agricultural research increasing year by year until the total shall 
have reached $60,000 to each state annually "to be applied only to paying the 
necessary expenses of conducting investigations or making experiments bear-
ing directly on the production, manufacture, preparation, use, distribution, 
and marketing of agricul tural products, and including such scien tific researches 
as have for their purpose the establishment and maintenance of a permanent 
and efficient agricultural industry and such economic and sociological investi-
gations as have for their purpose the development and improvement of the 
rural home and rural life and for printing and disseminating the results of said 
researches. " 
This act further providin'g for fundamental scientific research is perhaps 
the most important single piece of legislation ever enacted by the Federal 
Congress affecting the colleges of agriculture. Agricultural research is basic; it 
precedes teaching and extension. It is a significant fact that the teaching of 
agriculture was unsatisfactory, if not a practical failure, until the establish-
ment of the experiment stations in 1889 as the result of the passage of the 
Hatch Act. It may be confidently predicted that the development of agri-
cultural research, accelerated and extended by the funds available under the 
Purnell Act, will result in a new development of agricultural teaching and 
agricultural extension. 
The Purnell Act particularly emphasizes those economic and sociological 
investigations which have for their purpose the development and improvement 
of the rural home and rural life. This emphasis upon the real fundamental 
objectives of agriculture as a pursuit recognizes the fact that building a rural 
civilization cannot be disassociated from the building of an agricultural in-
dustry. ' 
Immediately upon the passage of the Purnell Act the executive committee 
of the Land Gran t College Associa tion of America, together wi th the Secretary 
of Agricultt.tre, called a ,conference of the directors of experiment stations and 
investigators in the Department of Agriculture at St. Louis on April 20 and 21, 
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1925. At this conference the discussions centered around the agricultural 
problems which are national in scope. The conference]agreed upon the follow-
ing in vestiga tions as of national character. 
1. Distribution and marketing of farm products. 
2. The problem of surpluses of farm products. 
3. Vitamin content of food in relation to human nutrition. 
4. Rural home management studies. 
5. Rural social organizations and agencies essential to a permanent and 
effective agricul ture. 
6. Factors influencing the palatability and quality of meats. 
The conference recommended that experiment stations and the United States 
Department of Agriculture cooperate in the investigation of these problems. 
The Missouri Experiment Station has already undertaken a number of 
economic and sociological investigations under the provisions of the Purnell 
Act. 
COOPERATION WITH OTHER AGENCIES 
The Missouri Agricultural Experiment Station has been fortunate in 
having the cooperation of the U. S. Department of Agriculture in the opera-
tion of a Seed Testing Laboratory, the Soil Survey, and its projects, "Cereal 
Investigations," "Fecundity of Swine," and "Feeding Beef Calves." Good 
cooperation has been had with the Missouri State Board of Agriculture in the 
holding of Farmers' Week and in connection with the Seed Testing Labora-
tory and in other important relations. 
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CHANGES IN STATION STAFF 
Appointments 
Sarah Helen Bridge, Professor of Home Economics. 
E. W. Cowan, Assistant in Agricultural Chemistry. 
Emmet L. Clark, Assistant in Dairy Husbandry. 
Marshall G. Clark, Instructor in Animal Husbandry. 
G. L. Davis, Deputy Nursery Inspector. 
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M. T. Foster, Assistant in Animal Husbandry. 
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Resignations 
1. S. Backus, Associate Professor of Veterinary Science. 
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£. W. Cowan, Assistant in Agricultural Chemistry. 
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PUBLICATIONS 
Results of investigations conducted by the Agricultural Experiment 
Station are reported in three series of publications-bulletins, research bulle-
tins, and circulars, and through a weekly press service. 
Bulletins.-Each bulletin is a definite report on some specific investiga-
tion. The results are so presented as to be readily understood by the farmer, 
and the methods by which the results were accomplished are recounted. Twen-
ty new bulletins were printed and three former numbers of this series were 
reprinted during the year. 
Circulars.-The circulars are popular reports of experimental results, or a 
summarization of the best information available. They apply to the everyday 
problems of the Missouri farmer. Twelve new numbers in this series were . 
printed and thr.ee others were reprinted during the year. 
Research Bulletins.-These are detailed scientific reports of investiga-
tions presenting technical information for the investigator or the man well 
advanced in agricultural knowledge. Eleven numbers in this series were 
issued during the year. 
Following are the titles, number of pag"es and size of editions of the 
publications issued during the year: 
166. 
176. 
183. 
216. 
217. 
218. 
219. 
220. 
221. 
222. 
223. 
224. 
225. 
226. 
227. 
228. 
229. 
230. 
Bulletins 
Pages Edition Total pages 
Handling Farm Manure (Reprin t) ................ 24 10,000 240,000 
Nursery and Orchard Insect Pests (Re-
print) ............................................................. . 
Crop ~otati.on of~iss?uri Soils (Reprint) ... . 
SpraYIng MISSOUri FrUlts ............................... . 
A Comparison of Holstein-Friesian Sires ... ~ .. . 
Limited Use of Shelled Corn in Fattening 
Two-Year-Old Cattle ................................. . 
Cost and Income of the Farm Poultry 
Flock ........................................................ ; .... . 
Corn and Soybeans .... .................................... .. 
The Relation Between Age, Weight and 
Fat Production in Dairy Cows ................... . 
Factors Affecting the Percentage of Fat 
in Cow's Milk ................................ ~ .............. . 
The Use of a Limited Amount of Mo-
lasses in Fattening Yearling Steers ........... . 
Hogging Down Corn and Soybeans ............... . 
The Influence of Animal and Vegetable 
Proteins on Egg Production ...................... .. 
Production and Feeding of Silage ................. . 
Missouri Flour for Missouri Breadmaking ... . 
New Knowledge (Annual Report of 
Director) ....................................................... . 
Fulghum Oats for Missouri ........................... . 
Testing Fertilizers for Missouri Farmers: 
1924. .............................................................. . 
32 5,000 
32 10,000 
32 10,000 
32 10,000 
16 12,500 
20 10,000 
24 20,000 
12 10,000 
24 10,000 
16 12,500 
20 12,500 
16 15,000 
24 10,000 
32 10,000 
88 . 7,500 
20 10,000 
60 5,000 
160,000 
320,000 
320,000 
. 320,000 
200,000 
200,000 
480,000 
120,000 
240,000 
200,000 
250,000 
240,000 
240,000 
320,000 
660,000 
200,000 
300,000 
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231. Blackberry, Raspberry and Dewberry 
Culture .. ......... .......................................... .... . 
232. Gooseberries and Currants ............................. . 
233. ;Grafting, Budding and Early Care of 
Fruit Trees ......... ............ ............................... . 
234 . . Meadow and Pasture Management in the 
Ozark Region of Missouri ........................... . 
'235. The Brown Loess Soils of Missouri and 
Their Utilization ......................................... . 
Circulars 
94. European Corn Borer (Reprint) ................... . 
102. Keeping Soils Productive (Reprint) ............. . 
110. The Missouri Colony Brooder House 
(Reprin t) ...................... ...... .... ..................... . 
125. Corn Versus Oats for Work Mules ........ ......... . 
126. Corn Selection for Exhibit Purposes ............ . . 
127. Selection and Management of the Dairy 
Bull ......................................... .. ......... ........... . . 
128. Report of Northeast Missouri Crop Ex-
perimen t Field; 1924 .................................. . 
129. The 30 x 30 Missouri Poultry House ............. . 
130. Growing Orchard Grass in South Missouri ... . 
131. Home-Made Labor Saving Devices for 
the Hog Farm ............................................... . 
132. Report of Southeast Missouri Cotton 
Experimen t Fields; 1924 ............................. . 
133. Feeding Baby Chicks ...... .............................. . . 
134. Parasites of Farm Animals .................. ........... . 
135. Cedar Rust of Apples in Missouri .. , ............ .. . 
136. Lawns and Lawn Making ............................... . 
Research Bulletins 
67. The Change of Form With Age ln the 
24 10,000 
12 10,000 
36 10,000 
32 8,000 
56 8,000 
2 5,000 
24 10,000 
2 15,000 
4 10,000 
k 10,000 
12 10,000 
2 5,000 
8 20,000 
8 10,000 
12 10 , 000 
4 5,000 
4 20,000 
16 10,000 
8 10,000 
12 10,000 
240,000 
120,000 . 
360,000 
256,000 
448,000 
10,000 
240,000 
30,000 
40,000 
80,000 
120,000 
10,000 
160,000 
80,000 
120,000 
20,000 
80,000 
160,000 
80,000 
. 120,000 
Dairy Cow ............................................ . _. ...... 48 2,500 120,000 
68_ The Normal Immunity Reactions of the 
Cow and Calf With Reference to Anti-
body Transmission .................... _. __ ._ .... _ .. _. ... 32 2,150 68,800 
69. The Effect of Sugar Content in the Manu-
facture of Commercial Ice Cream _ .... __ .... _.. 16 2,000 32,000 
10. The Effect of Different Percentages Of 
Butterfat on the Physical Properties of 
Ice Cream .............................. _...................... 24 2,000 48) 000 
71. The Effect of Several Ingredients Used in 
the Manufacture of Commercial Ice 
Cream on the Change in Temperature 
During the Freezing Process ...................... 16 2,000 32,000 
72. Changes Produced in Apple Trees by 
Various Types of Pruning ............... :._.......... ,: 12 2,000 24) 000 
73. The :Relation of Feed Consumed to Pro- ' 
tein and Energy Reten tion ................ ,......... 44 2) 500 110) 000 
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74. 
75. 
76. 
77. 
Rural Population Groups ............................... . 
Annual and Biennial Bearing m York 
Apples ....................................... .................... . 
The Effect of a Varying Moisture Supply 
Upon the Development and Composi-
tion of the Maize Plant at Different 
Periods of Growth .................................... .. . 
The Estimation of Pet::tin and a Study of 
the Constitution of Pectin ..... .... .... ............ . 
GRAND TOTAL .........................•........ 
70 2,500 175,000 
16 2,500 40,00C 
36 2,500 90,000 
40 2,000 80,000 
1,156 420,650 8,621,800 
Distrlbution.-i\ll publications as soon as issued were mailed to all public 
libraries and to all agricultural teachers and investigators in the State. Many 
bulletins and circulars were supplied to students in the 95 vocational agri-
culture high schools of Missouri, and thousands more were distributed by 
county agents to farmers asking for them. Bulletins and circulars were in 
constan t popular demand, and during the fall and winter more than 1,000 
publications a day were mailed· out in response to individual written requests 
reaching the College from all parts of Missouri. 
Additional Information Service.-A five column press service containing 
approximately 4,000 words was issued weekly to all newspapers and farm 
journals in the State. It consisted of short, timely articles designed to benefit 
the farmers and homemakers of the State by supplying in brief readable form 
the best scientific counsel on current problems. . 
Timely and important service was rendered throughout the year by 
members of the Experiment Station staff who filled speaking assignments on 
the Wednesday night farmers' meetings by radio broadcast from Station WOS 
of the State Bureau of Markets. 
SYNOPSES OF NEW PUBLICATIONS 
Spraying Missouri Fruits.-T. J. Talbert (Missouri Agr. Exp. Sta. Bul. 
216 (1924), pp. 3-32, figs. 14). In this bulletin the importance of timely and 
thorough spraying is emphasized. The essential factors to be considered in the 
control of fungous disease and insect pests injurious to fruits under Missouri 
conditions are carefully considered. A complete spraying schedule for all the 
fruits commonly grown in the State is included. The standard spraying 
mixtures, formulas and preparation, together with a description of modern 
spraying equipment and accessories are carefully set forth. 
A Comparison of Holstein-Friesian Sires.-C. W. Turner and A. C 
Ragsdale (Missouri Agr. Exp. Sta. Bul. 217 (1924), pp. 3-32. figs. 2). This 
bulletin reports a comparison of 229 Holstein-Friesian sires with reference to 
their ability to transmit the capacity for \:lutterfat production as indicated in 
the Advanced Registry records of their daughters. In order to place records 
made at various ages on a comparable basis the authors worked out the rela-
tion between age and fat production and used this factor to reduce all records 
to a "mature equivalent" production. The bulletin also includes genealogical 
charts showing the pedigrees of all the 229 sires compared. 
Limited Use of Shelled Com in Fattening Two-Year-Old Cattle.-E. A. 
Trowbridge and H. D. Fox (Missouri Agr. Exp. Sta. Bul. 218 (1924), pp. 
3-14, figs. 6): In the feeding experiment here reported forty two-year-ol<! 
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steers were divided into five lots and fed for 100 days. All received as much 
corn silage and clover hay as they would clean up. Shelled corn in varying 
amounts was fed to three lots and withheld from the other two; while linseed 
oil cake was fed in varying amounts to all lots. The total and daily consump-
tion of the various feeds are recorded and compared; likewise the total and 
daily gains made by the several lots. The relative costs of the several feeds are 
noted and shown to be an importan t consideration in planning cattle feeding 
operations. 
The Cost and Income of the Farm Poultry Flock.-O. R. Johnson and 
B. H. Frame (Missouri Agr. Exp. Sta. Bu!. 219 (1924), pp. 3-20, figs. 5). 
This report deals with the poultry enterprise on the farms cooperating with 
the rural life department of the Missouri Agricultural Experiment Station in 
keeping complete farm records. The data includes the years 1912 to 1922 
inclusive. It shows first, the cost of keeping the poultry flock including labor, 
feed, cash, and distributed costs. It also gives the portion of the cost of the 
ration made up of various feeds. Then is shown the cost of keeping a hen each 
year for eleven years and the average total cost of keep. Lastly, a comparison 
is made of costs and income from different sized flocks. 
Com and Soybeans.~W. C .. Etheridge and C. A. Helm (Missouri Agr. 
Exp. Sta. Bu!. 220 (H)24), pp. 2-2:3, figs. 4). In this bulletin the results of seven 
years of investigation of the corn-soybean combination are reported. Yields 
. of the mixeq crop and of corn alone are recorded and discussed. The com-
parative feeding value of corn and soybeans and of corn alone, for fattening 
hogs, is shown in the summary of a five year test. The relation of the mixed 
crop to drought, chinch bugs and soil fertility is discussed. The best methods 
for producing the corn-soybean com bination are suggested. 
The Relation Between Age, Weight and Fat Production in Dairy Cows.-
C. W. Turner, A. C. Ragsdale and Samuel Brody (Missouri Agr. Exp. Sta. 
Bul. 221 (1924), pp. 3-12, figs. 5). Facts are here presented showing that the 
fat production of dairy cattle gradually increases up to an age averaging be-
tween seven and eigh t years and then gradually decreases. Conversion factors 
have been determined for cows of the Jersey, Guernsey, and Holstein breeds and 
this makes it possible to estimate the mature fat production for rows at various 
ages. It is also shown that after the Jersey cow reach es the body weigh t of 
470 pounds, there is an average increase of 104 pounds in fat production per 
year for an increase of 100 pounds of body weight with age. 
Factors Affecting the Percentage of Fat in Cows' Milk.-C. W. Turner 
(Missouri Agr. Exp. Sta. Bul. 222 (1924), pp. 3-22, figs. 11). The studies 
reported in this bulletin take in to consideration two fundamental classes of 
of factors which cause variations in the composition and yield of milk pro-
duced. hy dairy cows. Data are reported showing the hereditary variations 
due to differences in the genetic make-up of breeds and individuals. The bulk 
of the data included in this report, however, has to do with variations due to ' 
physiological changes in the individual animal caused by such factors as time 
of milking, interval between milking, completeness of milking, the effect of 
exercise, season of the year, temperature, condition at calving, effect of under-
feeding, effect of pasture, influence of heat period, effect of feed and of drugs on 
the percentage of fat, the effect of age and of the advance oflactation. 
The Use of A Limited Amount of Molasses in Fattening Yearling Steers. 
-E. A. Trowbridge (Missouri Agr. Exp. Sta. Bu!. 223 (1924), pp. 2-16, fig. 1). 
Forty yearling grade Shorthorn steers were divided in to five uniform lots 
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for the purpose of the experiment here reported. The check lot received 
shelled corn, linseed meal, corn silage, and alfalfa hay. In a second lot cane 
molasses was added to this ration, and in the other lots molasses was used to 
replace linseed meal, corn silage, or both. An analysis was made of these feeds 
and a record kept of the amounts consumed by each lot. The relative costs of 
the feeds replaced by the molasses are considered in connection with the 
differences in gain and condition. . 
Hogging Down Com and Soybeans.-L. A. Weaver (Missouri Agr. Exp. 
Sta. Bu!. 224 (1924), pp. 2-20. figs. 9). This bulletin reports a five-year in-
vestigation of the pork producing value of corn and soybeans planted together 
and hogged down. The harvesting of duplicate plots also made it possible to 
compute the yield of corn and beans consumed in each lot. A mineral mixture 
was added to the corn and soybeans in one year's feeding test and the results 
were compared to those from corn and soybeans not thus supplemented. 
The Influence of Animal and Vegetable Proteins on Egg Production.-
H. L. Kempster (Missouri Agr. Exp. Sta. Bu!. 225 (1924), pp. 2-16, figs. 5.) 
Ten years of feeding experiments are reported in this bulletin. The report 
covers seventy separate tests involving four distinct phases of the relationship 
between protein feeds and egg production, namely; proteins of animal origin, 
various amoun ts of such proteins; proteins of vegetable origin, and the correla-
tion between consumption of meat scrap or tankage and egg production. The 
tests reported indicate that animal proteins are far superior to vegetable , 
proteins in egg laying rations. . 
Production and Feeding of Silage. L. J. Stadler, M. M. Jones, C. W. 
Turner, and P. M. Bernard (Missouri Agr. Exp. Sta. Bu!. 226 (1924), pp. 
3-23, figs. 8). The advantages of silage are enumerated and the factors in its 
cost are taken into account. Several crops that may be used for silage are 
considered, and methods for growing and harvesting corn for silage are des-
<;:ribed. The practices essential to the economical filling of the silo and the 
production of good silage are set forth, and experimental evidence is included 
showing how silage may best be combined with other feeds in rations for 
various classes of livestock. 
Missouri Flour for Missouri Breadmaking.-Laurel E. Davis (Missouri 
Agr. Exp. Sta. Bu!. 227(1924), pp. 2-30, figs. 28). This bulletin deals with the 
results of an investigation of some of the problems involved in the use of 
Missouri soft winter wheat flour in breakmaking. There is a large quantity of 
Missouri soft wheat flour produced but only about fifteen per cent of all this 
amount is used 'within the State. The investigation reported proves that good 
bread can be made from Missouri flour. This bread is comparable in quality 
to that made with flour from other states. It requires from two to four hours 
less time to make a loaf of bread from Missouri soft flour than it does to 
make a loaf of bread from hard flO'Ur. ' A receipe, with detailed instructions 
. for using, is given. 
New KnoV{ledge.-F. B. Mumford (Missouri Agr. Exp. Sta. Bu!. 228 
(1925), pp. 3-87, figs. 14). The Director of the Experiment Station in this 
publication reports in brief form the progress made in agricultural investiga-
tions during the year ending June 30, 1924. An account is given, also of the 
sev:eral projects administered by the Station, as well as a review of its publi-
cations, and a statement of its receipts and expendi tures. 
Fulghum Oats for Missouri.-L. J. Stadler (Missouri Agr. Exp. Sta. ' 
Bu!. 229 (1925), pp. 2-19, figs. 7)~ In this bulletin are reported the results of a 
ONE YEAR'S WORK, AGRICULTURAL EXPERIMENT STATION 13 
six-year test of Fulghum oats, a southern variety which has only recently 
been grown in Missouri. The advantage of Fulghum over Kherson was greatly 
increased by early seeding. When seeding is very late Fulghum is inferior to 
Kherson. Seven commercial stocks of Fulghum from differen t sources showed 
little difference in value in a four~year test. All of the Fulghum stocks gave 
very good yields and were highly resistant to smut. 
Testing Fertilizers for Missouri Farmers: 1924.-F. B. Mumford and 
L. D. Haigh (Missouri Agr. Exp. Sta. Bu!. 230 (1925), pp. 2-57, fig. 1). This 
publication is a report of the analysis of 431 official samples representing 138 
brands of commercial fertilizers taken from stocks offered for sale in 95 Mis-
souri towns. The power of limestone and similar materials to neutralize soil 
acidity is expressed in percentage of calcium carbonate for 367 samples tested. 
The brands and guaranteed analyses of fertilizers registered for sale in Mis-
souri in 1925 are listed. 
Blackberry, Raspberry and. Dewberry Culture.-H. G. Swartwout (Mis-
souri Agr. Exp. Sta. Bu!. 231 (192.5), pp. 2-24, figs. 11). Recommendations 
are given for the culture of raspberries, blackberries and dewberries based on 
recent work at the Missouri Agricultural Experiment Station. Soils, sites, 
propagation, preparation of the soil, treatment of nursery stock, planting, 
cultivation, fertilization, pruning, harvesting, packing and the control of 
insects and diseases are discussed. 
Gooseberries and Currants.-H. G. Swartwout (Missouri Agr. Exp. Sta. 
Bu!. 232 (192.5), pp. 2-12, figs . .5). The recommendations included in this 
publication are based on recent work at the Missouri Agricultural Experiment 
Station. Their purpose is not so much to emphasize the commercial planting 
of gooseberries and curran ts as to increase the usefulness of these fruits in 
the home garden. Soils, sites, propagation, planting, cultivation, mulching, 
fertilization, pruning, and harvesting are discussed. The insect pests and 
diseases most damaging to gooseberries and currants are described together 
with the methods most effective in their contro!' 
Meadow and Pasture Management in the Ozark Region of Missouri.-
C. A. Helm (Missouri Agr. Exp. Sta. Bu!. 234 (192.5) pp. 3-32, figs. 21). 
In this bulletin the results of grass investigations, during the year 1924, in the 
Ozark section of Missouri are reported. The region is divided into sections 
and the conditions and problems of each section are discussed. Recommenda-
tions are given for the most effective clearing methods, sprout control, and 
seeding practices. The grasses and legumes best adapted to the region together 
with their best use in mixtures are discussed. 
Grafting, Budding and Early Care of Fruit Trees.-T . J. Talbert (Mis-
souri Agr. Exp. Sta. Bu!. 233 (1925), pp. 2-36, figs. 13). All the essential 
principles and practices of graftage are described and illustrated . The results 
of an investigation of whole-root and piece-root Jonathan apple trees covering 
a period of 20 years are carefully considered. The successive steps in root 
grafting, cleft grafting, bridge grafting, double working and VariO\lS forms of 
budding are described and explained. Directions are also given for procuring 
growing, handling and storing seeds, scions, seedling roots, grafts and young 
trees. Pedigreed and common nursery stocks are considered in the light of 
experimental work. Practical directions are given regarding the handling, 
plan ting and care of young trees. 
The Brown Loess Soils bf Missouri and Their Utilization, H. H . Kruse-
, kopf (Missouri Agr. Exp. Sta. Bu!. 235 (1925), pp. 2-56, figs . 35). 
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Corn Versus Oats for Work Mules, E. A. Trowbridge (Missouri Agr. 
Exp. Sta. Circ. 125 (1924), pp. 4, figs. 3). This is a greatly condensed revision 
of Bulletin 114 of this Station. 
Corn Selection for Exhibit Purposes, C. A. Helm (Missouri Agr. Exp. 
Sta. Circ. 126 (1924), pp. 7, figs. 8). By con~ise statement of the standards fo·r 
show corn and by photographic illustration of the variety types this circular 
offers practical guidance in the selection of corn for exhibition. 
Selection and Management of the Dairy Bull, A. C. Ragsdale (Missouri 
Agr. Exp. Sta. Circ. 127 (1924), pp. 11, figs. 9). This circular covers not only 
the selection of the bull to improve the herd in accordance with the known 
principles of heredity, but also offers guidance in the development of the 
young bull and in the management of the herd sire under all circumstances. 
Annual Report of the Northeast Missouri Crops Experiment Field (1924), 
W. C. Etheridge and C. A. Helm (Missouri Agr. Exp. Sta. Circ. 128 (1924), 
pp. 2). This report gives the resul ts of experimen ts wi th six varieties of wheat 
on the experimental field maintained in Shelby County during the year 1924. 
The 30 x 30 Missouri Poultry House, H. L. Kempster (Missouri Agr. 
Exp. Sta. Circ. 129 (1924), pp. 8, figs. 6). Building plans and lumber bill are 
included in this circular together with a brief description of this larger 
adaptation of the original Missouri Poultry House. 
Growing Orchard Grass In South Missouri, C. A. Helm (Missouri Agr. 
Exp. Sta. Cire. 130 (1924), pp. 8, figs. 5). Orchard grass is here designated as 
the most valuable pasture, meadow and seed-crop grass for South Missouri 
and directions are given for its management from seeding to utilization. 
Home-Made Labor Saving Devices for the Hog Farm, J. C. Wooley 
(Missouri Agr. Exp. Sta. Circ. 131 (1924), pp. 12, figs. 21). By the employ-
men t of line drawing and detailed bills of material this circular gives every 
step in the making of self-feeders, troughs, shipping crates, loading chutes, 
ringing chutes and other similar equipment. 
Report of Southeast Missouri Cotton Experiment Fields: 1924, B. M. 
King (Missouri Agr. Exp. Sta. Circ. 132 (1925), pp. 4). Here are reported the 
results of variety, fertilizer and spacing tests on seven fields at Charleston, 
Bertrand, Sikeston, New Madrid, Caruthersville, Holland and Kennett. 
Feeding Baby Chicks, H. L. Kempster (Missouri Agr. Exp. Sta. Cir 
133 (1925), pp. 4). This is a revision of Circular 91 of this Station. 
Common Parasites of Farm Animals, Their Prevention and Treatment, 
L. S. Backus (Missouri Agr. Exp. Sta. Circ. 134 (1925), pp. 16, figs. 1). In 
addition to a brief discussiop of parasitism in general as related to stock 
raising, this circular describes the various parasites of horses, cattle, sheep 
hogs, chickens and dogs and tells how to combat them. 
Cedar Rust of Apples in Missouri, T. J. Talbert (Missouri Agr. Exp. 
Sta. Circ. 135 (1925), pp. 8, figs. 6). After noting that cedar rust causes an 
annual loss to Missouri apple crop somewhere between $25,000 and $50,000 
this circular describes the disease and offers recommendations for its control. 
Lawns and Lawn Making, Horace F. Major (Missouri Agr. Exp. Sta. 
Circ. 136 (1925), pp. 12, figs. 4). Directions for the establishment of new 
lawns and the care of old are included here. Every step, from the grading and 
preparation of the soil to the cutting of the grass and the control of weeds is 
carefully described. 
The Change of Form With Age in ~eDairy Cow, Samuel Brody and A. C. 
Ragsdale (Missouri Agr. Exp. Sta. Res. Bu!. 67 (1924), pp. 3-48, figs~ 40) .. 
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Data are presented showing that the growth of the dairy cow is accompanied 
by a change of conformation. Forty figures, based on twenty-one linear 
measurements, are presented showing the relative changes in form from birth 
to practical maturity. Many significant changes were found to exist. The calf 
has relatively longer legs, greater height at croup, a very much shorter body, 
and is more rectangular in form than the cow. The mature cow is proportion-
ately very much broader and,.<leeper throughout the hind quarters, and this 
may be correlated with milk secretion and the reproductive functions. 
Normal Immunity Reactions of the Cow and Calf With Reference to 
Antibody Transmission in the Colostrum, John B. Nelson (Missouri Agr. Exp. 
Sta. Res. Bu!. 68 (1924), pp. 3-30). A study was made of the normal immunity 
reactions to Bacillus coli with the cow and the calf. The blood serum of the 
cow was shown to possess a marked bacteriolytic action towards Bacillus coli. 
With the unsuckled calf the bacteriolytic action was weak and there was a 
deficiency in complement. After nursing both the bacteriolytic action and the 
complement titer increased. With calves fed ordinary milk in place of colos-
trum there was likewise an increase of the lytic property and of the comple. 
ment. There appeared to be an increase of complement with age and it was 
thought that this might be associated with the augmented bacteriolytic 
action. Anti-coli agglutinins were found present both in the blood serum and 
the colostrum of the cow. Agglutinins were not present in the blood of the 
newborn calf but appeared upon suckling. There was no immediate appearance 
of agglutinins in the blood of the milk-fed calves. It was thought that the 
augmented immunity reaction might be accountable, in part, for the ob-
served resistance of the colostrum-fed calf to invasion by Bacillus coli. 
The Effect of Sugar Content in the Manufacture of Commercial Ice 
Cream, Wm. H. E. Reid (Missouri Agr. Exp. Sta. Res. Bu!. 69 (1924), pp. 3-15, 
figs. 5). Sugar, one of the most essential ingredients of ice cream mixture, 
was found to lower the freezing point of a mixture, delay freezing, increase the 
over-run and improve the Havor, body and texture with each additional incre-
men t of sugar up to 12 per cent. Thereafter, the overrun was correspondingly 
depressed and the Havor, body and texture became inferior. The resistancy 
of the mixtures decreased as the sugar content was increased, the same being 
true when ice creams containing sugar varying from 8 to 16 per cent were 
exposed to a standard melting temperature of 86° Fahrenheit. 
The Effect of Different Percentages of Butterfat on the Physical Proper-
ties of Ice Cream, D. H. Nelson and Wm. H. E. Reid (Missouri Agr. Exp. 
Sta. Res. Bu!. 70 (1924), pp. 3-24, figs. 20). A study of the effect of different 
percentages of butterfat on the physical properties of ice cream showed that 
with each additional increment of 2 per cent of fat to the mixture the specific 
gravity was uniformly decreased and the viscosity was increased. The overrun 
increased up to 10 per cent oHat. Above 10 per cent offatthe overrun decreased 
although the viscosity continued to increase. No direct relation was found 
between the fat content of the different mixtures and the hardness of the ice 
cream. An increase in the fat retarded the melting of the ice cream by in-
creasing the resistance offered to summer temperatures. Variation in the 
overrun had a decided effect on the stability of the finished product. 
The Effect of Several Ingredients Used in the Manufacture of Com-
mercial Ice Cream on the Change in Temperature During the Freezing Process, 
Wm. H. E. Reid and D. H. Nelson (Missouri Agr. Exp. Sta. Res. Bul. 71 (1924) 
pp. 3-16, figs. 8). The several ingredients utilized in preparation of an ice 
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cream mixture cause changes in the temperature during the freezing process. 
An increase in the milk solids gives an increase in the viscosity titrable acidity> 
lowers the freezing point, increases time required to freeze the mixture, and 
lengthens the rate of melting of the frozen mixture. 
Changes Produced in Apple Trees by Various Types of Pruning, Henry 
D. Hooker, Jr., (Missouri Agr. Exp. Sta. Res. BuI. 72 (1924), pp. 3-11, fig. 1). 
The percentages of water, reducing and total sugars, starch and nitrogen 
were determined in five-year-old Jonathan trees before and after late winter 
pruning. Nitrogen was found to be translocated in the spring from the older 
wood to the tips of the shoots. A spring application of sodium nitrate increased 
the nitrogen content of the tips and decreased it in the middle of the one-year-
old wood. Heading increased carbohydrate consumption and thinning 
conserved the nitrogen and carbohydrate supplies in the tree. Heading back 
the leader diverted the nitrogen to unpruned laterals. 
The Relation of Feed Consumed to Protein and Energy Retention, A. G. 
Hogan, L. A. Weaver, A. T. Edinger, and E. A. Trowbridge (Missouri Agr. 
Exp. Sta. Res. Bul. 73 (1925), pp. 3-42, figs. 29). In the experiment here re-
ported eight pigs of lard type and eight of bacon type were under 0 bserva tion, 
one of each type being slaughtered at each.of the following weights: 100, 150, 
200,250, and 300 pounds. The feed requirement per unit gain was calculated 
at each 50-pound stage, also the cost of protein gains and the cost of fat gains. 
A detailed physical examination of each carcass is reported, including com-
parison of the wholesale cuts of meat produced by the two types. Chemical 
analyses were also made in each instance. A determination was made of the 
amount of net energy consumed by these animals and the percentage stored 
in their tissues. The daily maintenance requirement was calculated in terms 
both of body surface and of live weight. A formula was devised for calculating 
the surface area of swine. 
Rural Population Groups, E. L. Morgan and Owen Howells (Missouri 
Agr. Exp. Sta. Res. Bul. 74 (1925), pp. 5-69, figs. 11). Boone County was taken 
as the area for this study because it appeared to be typical of the greater part 
of rural Missouri. Fifty-nine primary population groups (neighborhoods) and 
fifteen secondary groups (communities) were found. Primary group conscious-
ness was found to vary from high to low-minus, owing to local factors. The 
school was found to be the strongest factor in the maintenance of primary 
group consciousness. Inter-group consciousness was developed best through 
the consolidated high school followed by the church, the lodge and the store. 
Neighborhood boundaries were cut across in the efforts of the people to reach 
preferred points for such service as church, trade, school, lodge and blacksmith 
shop. In the midst of this the neighborhood is losing much of the force it 
once had. This is being transferred to the larger community which usually 
includ.es a town or village. This larger rural grouping is new and now has less 
vitality and intensity of group consciousness than the neighborhood, although 
it appears to be on the gain. It is this larger group, which is a combination 
of country and town, that will be of increasing importance in the development 
of rural affairs. 
A.m:lual and Biennial Bearing in York Apples, H. D. Hooker (Missouri 
Agr. Exp. Sta.Res. · BuI. 75 (1925), pp. 3-16). In the off year of biennial 
Yorks. spur growth was short, the set was poor, the percentage of blossom 
bud~formed was high and independent of spur growth. The on year,. spur 
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growth was longer, a large crop set and few blossom buds formed. There was 
no correlation between the growth of the individual spur in successive years. 
In annual Yorks, non-bearing spurs were longer than on alternating trees; 
about one-third of them formed blossom buds and the percentage of set was 
very high. There was a correlation coefficient of ±0.45 between the growth of 
individual spurs in successive years. It is concluded that the biennial trees 
were deficient in carbohydrate the on year and in nitrogen the off year and 
that these deficiencies acted as limiting factors on spur performance, causing 
the tree to act as a unit. In annual trees these limiting factors had been re-
moved by nitrate of soda applied the middle of September for four consecu-
tive years, and spur perform ance was individual. I t is suggested that supple-
men ting spring applications of nitrogen the off year by fall applications may be 
helpful in establishing and maintaining annual bearing. 
The Effect of Varying Moisture Supply Upon the Development and 
Composition of the Maize Plant at Different Periods of Growth, M. F. Miller 
and F. L. Duley (Missouri Agr. Exp. Sta. Res. Bul. 76 (1925), pp. 3-36, figs . 
14). Corn was grown in fertile soil in large potometers, with varying amounts 
of moisture during three different periods of growth. Optimum (28 per cent) 
and minimum (13 per cent) moisture treatments were supplied to the crop in 
all possible combinations with the three periods of growth. The moisture 
supply during the second period, or from the time the plants set their ninth 
leaves until about tasseling time, had by far the greatest effect upon the total 
dry weights of the plants. Plants stunted by minimum moisture during the 
first period were able to recover and produce good plants if conditions were 
favorable during the last two periods, but the time for maturing was somewhat 
prolonged. Minimum moisture during the third period gave a greater weight 
of root growth than optimum moisture. In all periods minimum moisture 
gave a greater root growth in proportion to tops than did optimum even 
though the actual weight was less during early growth. Optimum moisture 
during the third period gave considerably greater production of grain than did 
the low soil moisture content. The amount of water transpired per unit of 
dry matter produced, varied greatly during the different years due to variation 
in the climatic conditions. Chemical analyses showed that in practically all 
cases the maize plants contained a higher per cent of nitrogen and mineral 
elements where the moisture content of the soil was low. 
The Estimation of Pectin and A Study of the Constitution of Pectin, 
C. F. Ahmann (Missouri Agr. Exp. Sta. Res. Bu!. 77 (1925), pp. 3-39, figs. 5). 
The method depends upon the production of acidity during the treatment of 
pectin with N aOH. The excess N aOH after saponification of pectin is titrated 
with HC!. The difference between th« original amount of NaOH used and 
the excess represents the amount which has combined with the . pectin to 
form sodium pectate. The temperature at which the saponification is carried 
on affects the degree of saponification. At 23° C. one gram of N aOH combines 
with 6.4 grams of pectin while at 55°C. one gram of NaOH combines with 5.2 
grams of pectin. The length of time of saponification also influences the reac.,. 
tion. Pectic acid precipitated after saponification at 23°C. has a neutral equiv-
alent of 251.0 while pectic acid precipitated with HCI after saponification 
at 55° C. has a neutral equivalent of 194.9. Electrometric titrations 
of pettic acid indicate an acid of eleven carboxyl groups. The com-
position of pectic acid obtained by standard combustion methods 
indicates that it may be an acid ~ith twelve carboxyl groups. On 
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the basis of eleven free carboxyl groups and one unsaponified group the 
molecular weight of pectic acid is 2,138. Pectin dissovles in concentrated HCI 
and undergoes decomposition and hydrolysis. The effect of temperature and 
concentration upon the products formed is shown. A method of separating the 
decomposition products is described. 
CONTRmUTIONS TO SCIENTIFIC JOURNALS AND PERIODICALS 
Wooley, J. C.-The Combine in the Corn Belt States. Jour. Amer. Soc. 
Agr. Eng., Vol. VI, pp. 103-104. May, 1925. 
Turner, C. W.-A Study of the Relation Between Feed Consumption and 
Milk Secretion. Jour. of Dairy Sci., Vol. 7, No.6. Nov., 1924. 
Reid, W. H. E.-Open Houses Sponsored by Kansas City Medical 
Milk Commission Meeting with Great Favor. Jour. of the Certified Milk 
Producers' Assoc. of Amer., Vol. 3, No.2. September, 1924. 
Reid, W. H. E.-An Improved Method of Bottle Inspection in the Produc-
tion of Certified Milk. Jour. of the Certified Milk Producers' Assoc. of Amer., 
Vol. 3, No. 1. August, 1924. . 
Brody, Samuel.-A Note on the Similarities Between the Curves of Growth 
and oj Regeneration. Jour. of Gen. Physiology, Vol. 6, No.6, July, 1924. 
Robbins, W. J. and Maneval, W. E.-Effect of Light on Growth of Excised 
Root Tips Under Sterile Conditions. Bot. Gaz., Vol. 78, pp. 424-432. 1924. 
Reid, W. H. E.-Importance of Maintaining a Uniform Cream Line. Jour. 
of the Certified Milk Producers' Assoc. of Amer., Vol. 3, No.5, December, 
1924. 
Stadler, L. J.-Yariation in the Intensity of Linkage in Maize. Amer. 
Naturalist,59. 1925. 
Stadler, L. J.-The Yariability of Crossing Over in Maize. Genetics. 10. 
1925. . 
Eyster, W. H.-A Genetic Analysis of Yariegation. Genetics 9, pp. 372-
404. 1925. 
Eyster, W. H.-Mosaic Peri carp in Maize. Genetics 10, pp. 179-196. 
March,1925. 
Eyster, W. H.-Inherited Deficiency in Carbohydrate Metabolism in 
Maize. Bot. Gaz. 78, pp. 446-452. . 
Eyster, W. H.-A Primitive Sporophyte in Maize. Amer. Jour. of Bot. 11, 
pp.7-14. 1925. 
Eyster, W. H.-A Second Factor for Primitive Sporophyte in Maize. 
Amer. Naturalist 58, pp. 436-439. 
Talbert, T. J.-The Missouri Cold Mix Oil Emulsions. Proc. Amer. Soc. 
Hort. Sci. 20, pp. 351-358. 1924. 
Talbert, T. J.-Spray Calendar for the Middle West. Amer. Fruit Gro. 
Mag., Vol. XLV. pp.34-35. February, 1925 
Talbert, T. J.-Successjul Grape Growing. Amer. Fruit Gro. Mag., Vol. 
XLV. pp. 7 and 23. April 1925. 
Talbert, T. J.-Apples or Cedars in the Fruit Industry. Amer. Fruit Gro. 
Mag., Vol. XLV. pp. 7,28 and 29. May, 1925. 
Hooker, H. D.-----:Copper Hydroxide as a Substitute jor Bordeaux. Proc. 
Amer. Soc. Hort. Sci. 21. pp. 173-176. 1924. 
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Hooker, H. D.-The Manufacture, Translocation, Storage and Utilziation 
of Carbohydrates in the Tree. Mich. State Hort. Soc. 54th Annual Report. 
pp.46-53. 1924. 
Murneek, A. E.-The Effect of Fruit on Vegetative Growth in Plants. 
Proc. Amer. Soc. Hort. Sci. 1924. 
Murneek, A. E.-Correlation and Cyclic Growth in Plants. Botanical 
Gazette, VoL 79: No.3. 1925. 
Bradfield, Richard.- The Chemical Nature of Colloidal Clay. Jour. Amer. 
Soc. Agron. Vol. 17, No.5. pp. 253-270. 1925. 
Bradfield, Richard.-Variations in Chemical and Mechanical Composition 
in Some Typical Missouri Soil Profiles. 5th Annual Report Amer. Soil 
Survev Assn. Vo13, pp. 127-145.1925. 
Miller, M. F.-Agronomic Science and Inc1'eased Production. Jour. 
Amer. Soc. Agron. Vol. 16, No. 12. pp.757-767. December, 1924. 
Fleetwood, J. R-Easily Soluble Calcium of the Soil in Relation to 
Acidity and Returnsfrom Liming. Soil Science. June, 1925. 
NEW EQUIPMENT 
The following scientific apparatus has been purchased during the year: 
1 Krogh microrespiration apparatus, 1 quartz mercury vapor are, 1 Gaulin 
homogenizer, 1 surface area roller, 1 micro-Kjeldahl apparatus, 1 kitchen aid 
grinder, a number of small animal cages, 1 Ford runabout, and miscellaneous 
filing cases, chemicals, and glassware. 
SERVICE PRO JECTS 
Seed Testing Laboratory (W. C. Etheridge, Clara Fuhr, and Helen 
Averitt).-Samples from 4303 lots of seeds and plants were tested and ex-
amined by the Seed Testing Laboratory during the year ending June 30,1925. 
Of these tests 3790 were made for Missouri farmers and seedsmen and 89 
Custom House samples were tested under the Seed Importation Act. Twelve 
referee a~alyses were made for the Research and Methods Committee of the 
Association of Official Seed Analysts of America. 
Four hundred and twelve tests were made for farmers and seedsmen of 
other states and countries as follows: Kansas 141, Nebraska 140, Iowa 65, 
Colorado 30, South Dakota 15, Arkansas 11, Virginia 3, Illinois 2, Oklahoma 2, 
Texas 1, Ohio 1, Canada 1. 
The number of tests made included the following: germination only 
2496, purity and germination 1338, identification only 235, germination and 
examination 133, purity only 79, examination only 8, purity germination and 
identification 5, purity germination and examination 2, total 4296. 
Custom House samples not under the Act and therefore sent to Washing-
ton numbered 7. 
The growth of this service is shown by the fact that the num ber of samples 
received from July 1, 1923 to June 30, 1924, was 3348, while the number 
received from July 1, 1924 to June 30,1925, was 4303. 
Fertilizer Control (F. B. Mumford, Director, 1. D. Haigh, Chemist).-
This project included: (1) Registration of brands of fertilizer sold in the State; 
(2) Sale of license tags to manufacturers and others, to be placed upon each 
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sack or package; (3) Inspection of stocks and obtaining of samples; (4) The 
analysis of the collected samples, and (5) The publication of results. 
During the past year 40. registrations were filed by 37 manufacturers, 3 
importers and sales agents' for 446 brands of fertilizers. Seventy towns were 
visited in the fall of 1924 and 351 samples collected, and thirty-one towns in the 
spring of 1925 and 95 samples collected. 
Missouri Agricultural Experiment Station Bulletin 230 gives the results 
published on this project for 1924. 
Testing Soils for their Lime Need (R. E. Uhland).-A total of 634 
samples of soil was tested for acidity during the year ending June 3D, 1925 
which makes the total number of samples tested to date 5159. From the tests 
Q N,.Ll'tIbe .. , of ~ .. ....,pI.a '"\;1It.Ocl.. 
o % .s.mpler. - Ne .. tr.-.\ 
m Y. S"'''''pl". - SllShLl'1 Acid (8.low 1 T-.l 
9 Y. :l •• pl .. - A.,J. (1 t. ~ T.N) 
iii! Y. :; •• ,k. - v • .., A • ..! (Abo.. :IT •• ,) 
Fig. I.-On this map are shown the sources, county by county, of the 5159 soil samples 
which the Experiment Station has tested for their lime need. Results of tests are indi-
cated in the legend. 
made this year more than 52 per cent of the samples sent in indicated a lime 
need of above 2000 pounds. These tests were made by the Truog method and 
by the modified Com ber method. . 
A very marked increase in the number of tests made over the number 
made last year was caused by the increaed interest in growing sweet clover 
and alfalfa. 
A large number of legume projects and demonstrations have been started 
as a result of these tests. 
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The Production and Distribution of Bacteria for Legumes (R. E. Uhland). 
-The importance of inoculation for legumes, both from the standpoint of 
soil fertility and the production of larger yields of more nutritious feed, is 
coming to be more common knowledge among .farmers. During the year 
' ending June 30, 1925, 72,326 cultures were distributed to 6970 individuals 
This represents sufficient material to inoculate 36,163 bushels of legume seed 
which should plant approximately 160,000 acres. The number of cultures 
produced for the various legumes was as follows: 
Soy beans ______________ __ ____ __ __________ __ ________ __ _____________________ ____ _____ 52, 788 
Sweet Clover " _____ _ . _____ __ .____ __ ________ __ ________________ _____ __ ______ ____ ___ 8,248 
Alfalfa ________ __ ______________ . __ ........ _______ : ______ __ __ ____________ ._. __ . ___ .. __ .. 6,377 
Red Clover and Alsike Clover ______________ __ ____________________ __ ____ 3,126 
Cowpeas __ ________ ... ____ __ ... __ . ______ . __ __ .. ____ __ __ . __ . __ :_________ __ ____________ 1,557 
Miscellaneous ..... ____ __ __ . __ . ___ __ __ __ __ .. __ ____ __ . ___________________ __ _______ . 230 
These figures show a very marked increase in the distribution of inocula-
tion material for sweet clover, alfalfa, red, clover and alsike clover ov~r last 
year. It is of in terest to note the increased use of inoculation for sweet clover, 
alfalfa, and red c1ovet. Carroll and Atchison counties led in the use of sweet 
clover inoculation since they secured 26 per cent of the cultures sent out for 
this crop. 
This service project was started in 1919 and after seven years cultures 
have been distributed to more than 24,603 individuals. During this period 
individuals from every county in the State have been served. 
Considerable investigational work as to methods and the factors in-
fluencing inoculation is now in progress at this Station and in different loca-
tions over the State. The purpose of these investigational projects is to give ' 
more information regarding the technique of inoculation. 
The term "miscellaneous" includes velvet beans, garden peas, garden 
beans, vetch, and field peas. 
The Determination and Mapping of Missouri Soil Types-Soil Survey 
(H. H. Krusekopf, Wm. DeYoung and F. R. Lesh).-From July to November 
in 1924, approximately 1000 square miles were surveyed in four different 
counties. The survey of Phelps and Polk counties was completed .. About 
two-thirds the area of Linn county was mapped, and a start made in Jasper 
county. The survey of Phelps county has supplied additional information on 
the general soil conditions of the central Ozark Region. Polk county has a 
great diversity of soils, and is representative of the western Ozark Border 
Region. In both these counties there is considerable interest in the growing 
of small fruits . The soil reports discuss the soil cOhditions in relation to the 
possibilities of the fruit industry. Linn county is included in the dark pr.airie 
region of northern Missouri. 
More than 150 soil samples from the surveyed counties were collected 
and have been analyzed. 
Soil reports for Andrew, Caldwell, Cole, and Mississippi counties have 
been issued during the year, ,and are now available for distribution. 
The special report on the Brown Loess soils of Missouri was revised and 
has been published. The loess soils, generally known as "river hill land", 
are well known for their value as fruit, grain, and alfalfa soils. The growing of 
tobacco also has become important in some localities. The brown loess soils 
are of high average fertility and have a wide crop adaptation. They offer 
22 MISSOURI AGRICULTURAL EXPERIMENT STATION BULLETIN 336 
Nursery Inspection (L. Haseman, K. C. Sullivan, Neely Turner, G. L. 
Davis).-A report of the inspection made and the papers issued is shown here-
with in tabular form. 
INSPECTIONS MADE 
Nurseries inspected ............................................................................................ _.215 
Counties in which nurseries were located .. __ .......................... _ ... _ .......................... _57 
Men making inspections ... _._ ..... _._ .... _ ............................. , .................. _ .... .......... __ ... __ 4 
Nurseries infested with San Jose scale ...... ' ...... -............ ........................................ 15 
Estimated value of nursery stock condemned .......... , ......... _._ ..................... $10,000 
Imported plants inspected ................ . _ ........................... ............ ............... _ ..... 450,000 
Sweet pota to beds inspected_ .... ... ..... ............ ... ..... ..... .. ...... .... .................. ... ............. 7 
Orchards examined ....................... _ ............ __ ......... __ ..... .. .......... _ ........... _ ................... 50 
Acres of orchards inspected ................ .......... _ ... _ ..... _ .......................... ....... _ ......... 1,163 
Coun ties in which orchards were inspected .. ... _ ... : .... ..... .............. _ ........................ 13 
OFFICIAL PAPERS ISSUED 
N ursery inspection certificates issued _._ .. ............... .... ..... ............ _ .... _ ...... _ .......... 203 
Sweet potato certificates issued .... _ ........................... ... ....... __ .. ...... _ .... ........ _ ......... __ .. 7 
Dealers certifica tesissued ........................ ...... .... ..... ................ ........... ... ................. 19 
Ou tside growers permits issued ... ..... .. ........ .............. ............. _ ................... _ ........ _178 
Agents permits issued._ .. _ ...................... .......... .. ....... .............. _: ............. ... .............. 203 
The orchard survey work was confined to inspection of orchards in 
counties in which no survey had been made in previous years. Table 1 shows 
the results of this work. 
TABLE I.-ORCHARD SURVEY MADE I'N NURSERY INSPECTION 
Or-
chards Or- Dormant 
ex- chards A:res Acres Not Dormant Summer and 
Count;· amined infested visited infest.ed sprayed only only summer 
---------
------------
Benton __ __ __________ 5 0 24 0 20Y. 0 3K 01 
CamdeL ____ ____ . __ . 3 0 10 0 10 
Cape Girard. _. _. __ _ . . 2 2 74 74 0 0 0 74' 
Cra wford ____ . ___ . ... _ 3 0 J08 0 8 0 80 20 
Dallas ___ .. . . _____ . _. _ 4 0 17 0 17 
H ickory ____ _ . ___ . _._ 6 0 115 0 11 5 JO 0 (}3 
Laclede __________ . _ .. _ 7 235 120 50 0 85 !OO' 
M.disoo __ .. _ . . _. _ . . __ 3 3 7 7 4 3 
Miller ___ ____ . ___ . ___ 2 0 33 0 3 0 30 
Morgan _______ __ . ___ 4 0 158 0 10 0 148 
Pulaski._ : ______ __ ___ 6 1 175 0 75 100 
Reynolds. ___ ________ 2 2 76 76 6 70' 
Scott. ____ _______ . _. _ 3 3 131 131 1306 
---------
---
---------TotaL ___ . _____ . ___ . _ 50 13 '1163 408 313l{ 10 455K 394 
IS pray only on 3.11 acres. 4Scale fairly heavy on some young trees. 
'Scale fairly he. vy on 14 A. 'Well under control 
'Scale well under control. 6Ead on 100 young apple tree •. 
The inspection showed that apparently no scale was present in Benton, 
Hickory, Dallas, Morgan, Camden, Miller and Phelps counties. All of these 
counties have a very low acreage of commercial orchards and in no instance, 
was any spray used. 
ONE YEAR'S WORK, AGRICULTURAL EXPERIMENT STATION 23 
The orchard survey has now reached 96 coun ties. Scale has been found in 
89 of these. Records for the remaining 18 counties are incomplete. These 
counties are very low in fruit production. 
In no orchard visited in 1924 was scale present in dangerous numbers, 
and the infested commercial orchard growers were all applying dormant 
sprays. 
favorable opportunities to that c1assoffarmers who wish to operate on a small 
scale, or who wish to engage in specialized farming. 
Studies on the Longevity of B. Radicicola in the Soil CW. A. Albrecht).-
In 1917 two differen t soils, each treated in part wi th lime and fertilizer and on 
which soybeans and red clover had grown with plenty of root nodules, were 
stored to prevent contamination. In storing the soil, a portion of each treat-
ment was dried in the sunlight, another part in the dark and later both were 
put away in dry condition in containers stored in the laboratory. A third 
portion was left out of doors in partly buried jars, open at the bottom to 
maintain the moisture in the soil. Samples of all these soils have been planted 
to soybeans and red clover under sterile conditions at in tervals of six months or 
a year. 
The test on the longevity during 1924 showed distinctly that the soils 
which were stored in the dry condition no longer contained viable legume 
bacteria for the soybeans or for the red clover. Since that was the first test 
with this distinct evidence, tests were run again during the past year and 
verified the results of 1924. Consequently, we may say with assurance that 
the legume bacteria for soybeans and red clover did not remain viable in the 
two dry soils under test longer than six and one-half years after the crop 
growth or a total of six years with the soil in a dry condition. In the test 
during 1925, as previously, the soils left out of doors contained viable bacteria 
for both the red clover and the soybeans so that the period of absence of the 
host plant equivalent to seven years does not necessarily mean death to these 
legume organisms when the soil is left in its natural condition as found in the 
field. Unfortunately the supply of soil stored out of doors is becoming so small 
that this test on all the treatments cannot be carried further. 
In the case of one of the dry soils, the soybean organism showed signs of 
lessened vitality after three years while in the other dry soil the lessening of its 
vitality came after four and one-half years. For these same soils, however, the 
red clover organisms showed no lessened vitality before five years. Possibly 
the latter organism was much more thoroughly established since this crop 
had been grown more extensively than had the soybeans. 
These results showed that a soil once inoculated will retain the organisms 
to reinoculate the legume when it comes around in most of our regular rota-
tions. 
Official Testing of Dairy Cows (C. W. Turner).-During the· past year 
20~1 two-day tests were conducted on a total of 366 cows on yearly tests. Of 
this total number, 215 were placed on test during the year while 151 cows were' 
in progress on test July 1, 1924. The number of seven-day Holstein-Friesian. 
tests conducted during the year dropped to 13, a decrease of over 50 per cent. 
The largest fat record completed during the past year was made by the 
Holstein cow Crescent Pontiac 395734 with a production of 23,419 pounds of 
milk and 843.73 pounds of fat at 7 years and 11 months of age. This record 
placed her first in the aged cow class. Crescent Pontiac is owned by L. B. 
Clark, Maywood. 
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Rye Hill Korndyke Konigen 587733, a junior 4-year-old Holstein cow 
owned by Fredmar Farm, Jefferson Barracks, was the largest milk producer 
with a record of25,168.1 pounds of milk and 764.77 pounds of fat. This record 
placed her first in her class for both milk and fat. 
Distribution of Anti-Hog-Cholera Serum (0. S. Crisler).-During the 
past year the University Serum Laboratory and Farm has furnished the swine 
owners of the State, either directly or through veterinarians and county farm 
bureaus, 1,347,075 c.c. of anti-hog-choleraserum which was distributed in 
1,086 orders to 69 counties. 
Cholera was not so prevalent and the demand for serum not so great as 
during the previous year. Reports from the field showed that the serum has 
been satisfactory. 
During the year it became possible to produce anti-hog-cholera serum for 
less money so the price was reduced from $1.00 per 100 c.c. to 90 cents on April 
6,1925. 
New equipment has been added and improvement made so that it is 
possible to produce anti-hog-cholera serum and hog cholera virus under the 
best conditions. 
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Experiments in Progress During the Year 
Enc;ling June 30, 1925 
AGRICULTURAL CHEMISTRY 
A. G. HOGAN, Chairman 
Nutrimental Requirements of Poultry (A. G. Hogan, N. B. Guerrant).-
To date it has been impossible to make chicks attain a normal growth rate 
while consuming synthetic rations. If egg yolk or liver was incorporated in 
the ration, otherwise synthetic, the growth rate became normal. Also, if 
polished rice was substituted for the starch the growth rate became normal. 
Fractions of these natural foodstuffs have been fed in an effort to discover 
wherein lay their special nutritional properties. 
The natural foodstuffs fractionated were polished rice, dried egg yolk, and 
dried liver. The separation was accomplished by extracting the dry material 
with various solvents. The polished rice was first ground very finely, and then 
extracted for a period of one week with dilute acetic acid. The total extract 
was evaporated to a small volume on a water bath and then to dryness in a 
desiccator. The extract thus obtained constituted less than 1 per cent of the 
original material. The two fractions were then preserved until incorporated 
iJ:l the rations. 
Both the dried egg yolk and dried liver were consecutively extracted with 
ether, 95 per ceilt alcohol, 70 per cent alcohol, and hot water. The ether 
extract was reduced to it small volume and preserved. The two alcohol ex-
tracts of the liver were used in the rations) but this fraction of the egg yolk 
was omitted. The water extracts were discarded entirely. The seven fractions 
thus obtained, two from polished rice, two from egg yolks, and three from dried 
.liver, were incorporated in the synthetic rations, at the same time making 
necessary adjustments to keep the protein and fat of the diets constant .. 
When the protein of egg yolk was su bsti tu ted for a portion of the casein of 
the basal diet the substitution was ineffective. There was also no improvement 
when the ether extract of egg yolk was substituted for the Crisco of the basal 
diet. When both were substituted simultaneously, however, the effect was the. 
same as when whole egg yolk was similarly substituted. 
. The protein of liver was fed at a higher level than was the case with egg 
yolk, and in that quantity, 9.5 per cent of the ration, it distinctly improved 
the diet. The ether and alcohol extracts, however, did not bring about any 
such improvement. These fractions, however, do have some special nutri-
mental properties, for when combined with the protein of egg yolk they 
bring about a marked improvement in the rate of growth. 
The material from the polished rice, soluble. in dilute acetic acid, improved! 
the ration markedly. The residue of washed rice, however, seemed to have 
lost practically all of the'unique nutrimental value of the original polished rice. 
The first hypothesis was that the basal ration was deficient in some essen-
tial nutrient so various changes were made, designed to test the ration in 
resp~t to protein, mineral salts, and vitamins A, B, C, and D. Since Crisco 
was used, which according to the work of Evans contains vitamin E, it was 
assumed that this substance could liot be a factor. The ration was not improved 
hyinqreasing the quantity of the vitamins, or by changing the quality of the 
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protein or mineral salts. It seems apparent that the chick may require some 
nutrient hitherto unrecognized. In order to be sure that the lack of success of 
these rations was not merely due to failure of the chicks to consume sufficient 
food, five chicks were force-fed considerably above the amount they consumed 
voluntarily. The results were favorable . The chicks grew fairly well, and they 
were all thrifty in appearance. The ration used is given below. 
Casein ...................... 20.0 per cen t 
Corn starch ...... ...... 52.0 per cent 
Crisco ...................... l0.0 per cent 
Cod Liver OiL ....... 5.0 per cent 
Cellulose .................. 3.0 per cen t 
Dried yeast ............ 6.0 per cen t 
Mineral Sal ts .......... 4.0 per cen t 
Chemical Service (A. G. Hogan, 1.. D. Haigh, W. S. Ritchie, E. E. Vanat-
ta, H. M. Harshaw, A. R. Hall, J. E. Hunter, N. B. Guerrant).-The Depart-
ment of Agricultural Chemistry performs all of the routine chemical analyses 
for the various departments of the College of Agriculture. During the past 
year 6004 determinations have been made as follow: 
Agricultural Chemistry; 10 complete feed analyses moisture, ash, nitro-
gen, fat, fiber, and 1412 nitrogen determinations. Total 1462 determinations . 
.Animal Husbandry; 55 feeds for complete analysis, moisture, ash, 
nitrogen, fat and fiber, 8 feeds and excreta (digestion trial) for nitrogen, 
calcium and phosphorus, 7 feeds for nitrogen and fat, 1 feed for nitrogen and 
ash, 1 feed for calcium, 7 molasses samples for moisture, ash and nitrogen, and 
6 blood samples for calcium and 3 for nitrogen. Total 346 determinations. 
Fertilizer Control; 447 Regular inspection sampl~s of fertilizer, 51 samples 
of fertilizer for special test involving 344 total nitrogen determinations, 
304 water soluble nitrate, 265 permanganate soluble nitrogen, 483 total phos-
phorus, 480 insoluble phosphorus and 219 water soluble potash. Total 2095 
determina tions. . 
Horticulture; 78 samples of twigs, leaves, etc., for total nitrogen. Total 
78. 
Home Economics; 2 samples of Rour for fat, moisture, ash and nitrogen. 
Total 8 determinations. 
Commercial Analysis; 5 feeds for complete analysis, moisture, ash, 
protein, fat, fiber, and 20 feeds for protein, fat and fiber, 2 vinegar samples for 
acidity and alcohol, and IEee powder for sulphur, lime and nicotine. Tota1'90 
determina tions. 
Miscellaneous materials for qualitative test; 11 samples drinking water 
for mineral constituents, 2 rocks and 2 soils for phosphorus, 1 sodium Ruoride 
:powder for purity, 2 conditional and mineral feeds and one regular feed and 
1 mineral salt for identification. Total 21 determinations. 
Soils; 153 soil survey samples for moisture, volatile matter, phosphorus 
potassium, nitrogen and lime requirement, 2 soils and 7 wheat samples for 
n itrogen, .phosphorus, potassium and moisture, 3 wheat samples for moisture 
nitrogen and phosphorus,. 20 crop samples for moisture and nitrogen, 35 soils 
for moisture and nitrogen, 12 soils for nitrogen and lime requirement, 30 
hays for nitrogen and phosphorus, 30 samples of run off water from erosion 
plots for free ammonia, organic ammonia,nitrates, nitrites, phosphorus, solids, 
calcium, magnesium, potassium, sodium and sulphates, 417 limestone samples 
for calcium carbonate equivalent. Total 1904 determinations. 
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Protein Storage in Protoplasmic Tissue (A. G. Hogan, W. S. Ritchie, 
J. E. Hunter).-Considerable new data have been collected on the capacity 
of different salts (lithium sulphate, ammonium sulphate, sodium chloride and 
magnesium sulphate) to precipitate the globulin from solution. A method of 
electrodialysis was also employed for the separation of globulin. Globulin is 
soluble in neutral salt solutions but not in water. If, therefore, the neutral salt ' 
can be removed from the solution of proteins the globulin should separate out. 
A three-compartment cell was constructed of suitable design to test this idea. 
The protein, in solution in 10 per cen t sodium chloride, was placed in the 
center compartment, separated from the two end cells by parchment mem-
branes. On passing a direct current through the cell the sodium chloride was 
removed. The quantity of protein precipitated by such a method agreed 
fairly well with that precipitated by saturation with lithium sulphate and half 
saturation with ammonium sulphate. It appeared likely that some of the 
albumin was brought out of solution with the globulin. Table 2 will give re-
suI ts of differen t methods of precipi tation of globulin. 
TABLE 2 .-GLOBULIN PRECI PITATED BY VARIOUS ME'rHODS, IN TERMS OF EXTRACTED 
NITROGEN 
Precipitated by 
---Yo Satn Electro- Heat 
1924 (NH.)2S0. Li(SO,) dialysis MgSO, NaCI at ~9°C 
July 28 72.7 72.3 74.8 54.6 58.3 57.2 
Aug. 5 71.9 75.8 73.1 59.4 I 61.5 60.7 Oct, 9 72.5 77.7 78.8 62.1 61.7 64.3 
I t has been suggested that there was really only one protein in muscle 
soluble in neutral sale solutions, and that the separations reported were due to 
differences in physical state. 
Racemization was used as a method of determining the individuality of 
proteins. Kossel and Dakin have shown that the optical rotation of proteins 
was progressively diminished when dissolved in dilute alkali and kept at 37°C. 
Dudley and Woodman have shown differ'ences in the caseinogen of the cow 
colostrum albumin and ox serum albumin. ' 
Globulin and albumin, extracted from the muscle tissue by 10 per cent 
sodium chloride solution, were separated by the ammonium sulphilte method, 
and dissolved in N /2 sodium hydroxide. These solutions were kept at 37°C 
and at intervals (approximately 12 hours) the optical rotation was read. 
The curves were not widely separated but it was improbable that the differences 
were due to experimental error. I t was therefore concluded that there were at 
least two proteins, a globulin and an albumin that have a different structure. 
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AGRICULTURAL ENGINEERING 
J. C. WOOLEY, Chairman 
A Study of the Methods of Prolonging the Service of Wood Fence Posts (J. C. Wooley, M. M. J ones).~Figure 2 shows the results of the experiment to 
determine the effect of various treatments on the useful life of wood fence 
posts. The experiment has been in progress for twelve years. 
In 1923, a number of additional posts were set that had been given a 5-
hour double-tank butt-treatment in creosote, and the tops painted with hot 
creosote. These posts are as ye t all good except the soft maple posts, which 
failed after two years and the sycamore posts, two of which failed after two 
years. 
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• Posts still good after 12 years. . 
Numbezs indicate the years of service of posts that have failed. 
X No post set at beginning of experiment. 
S Steel post set at · beginning of experiment; still good. 
* Post apparently removed by trespasser.s after 11 years of service. 
Fig. 2.-This chart shows the ye;>.rs of service given by wooden fence posts of different 
varieties and under differetlt treatments. 
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Method of Clearing Cut-over Lands (J. C. Wooley, C. A. Helm, A. J. 
McAdams).-A number of farms were visited where the Shubert sprout 
mower was being used. The following recommendations can be made in 
regard to the use of the sprout machine: 
First, the stumps should be cut low so that they will not catch the 
frame of the machine and so that they will not slow up the beater chains when 
the machine passes over them; 
Second, the sprouts and brush should all be cut clean when the timber is 
removed. 
Third, the machine should be used the first year after timber is removed, 
second-year growth being too large for most effective use of the machine. 
It seems that at least two strippings per year are necessary. 
The sodium arsenite formula for poisoning timber was being used by a 
number of farmers, one man expecting to clear up 1200 acres of land by this 
method. 
The Draft of Wagons (J. C. Wooley).-Averaging all tests with various 
kinds of equipment, as to height of wheels and width of tires, the draft on the 
different roadways reckoned in pounds per ton load on level ground was found 
to be as follows: 
Corn stalk field .................................................................. 445.5 
Blue grass sod .................................................................... 185.5 
Clay road (muddy) .......................................................... 232.6 
Clay road (spongy) .......... , ............................................. 199.4 
Clay road (dry and firm) ......................... , ...................... 78.7 
Gravel road (dry, well-packed) ...................................... 62.1 
Cinder road (dry, well-packed) ...................................... 109.3 
Macadam (dry, packed) .................................................. 64.3 
Burned clay or ballast ...................................................... 113.1 
Concrete (good condition) .. ............................................ 50.3 
Brick (new) ........................................................................ 49.0 
Brick (worn) ...................................................................... 57.8 
From the tests in cultivated land, it was found that a saving of 46U 
1)uunds in draft per ton load was accomplished by increasing the height of 
wheels from 38 inches to 42 inches, while an average reduction of 118)1' pounds 
draft was obtained by using 4 inch tires in place of 1)1'-inch tires. The high-
wheel, narrow-tire wagon caused about the same draft as the common low-
wheel, wide-tire wagon. The convenience of the low-wheel wagon would in-
dicate its desirability for farm use. 
On hard-surface roads, neither the height of wheel nor the width of tire 
had any marked effect on the draft, showing on an average of 4)1' pounds 
advantage for the 42-inch over the 38-inch wheels, and 7.8 pounds advantage 
for the 4-inch tire over the 1.%'-inch tire. 
The draft of a wagon is made up of three components: First, axle friction. 
The resistance here is due to the metal surface of the hub bearing sliding over 
the spindle. It varies from 2 pounds per ton load to 10 pounds per ton ofload, 
,depending upon the lubrication. Second, resistance due to grade. As the load; 
including wagon and driver, is raised from a . lower to a higher elevation, 
work is done which is accounted for in the draft. The third component is 
rolling friction. Rolling friction is caused by the wheel sinking into the road 
surface causing it to have a climbing or lifting action as it moves along. The 
coefficient of rolling friction has been considered by experimenters to be in-
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ffuenced by three factors, the type of roadway, the load, and the radius of the 
wheel. Tests under field conditions showed that the width of the tire should 
be considered in the coefficient. Formerly this coefficient was used where 
steel wheels were rolling on street rails or tracks, and the width being constant, 
did not need to be taken in to consideration. 
An Investigation of Sanitary Conditions on Farms and Experiments to 
Determine the Best Types of Sanitary Equipment. (J. C. Wooley).-Septic 
Tanks.-An experimental septic tank has been installed on the State Farm at 
Dalton, Missouri. This tank was equipped with a movable partition so that 
the capacity needed in the first chamber can be determined by trial. 
Acetylene lighting systems.-Fifty-four replies were received from a 
questionnaire sent out to owners of acetylene lighting systems. The average 
age of the plant was 6.3 years, the oldest being 16 years. The cost of operation 
for one year, an average of 43, was $22.05. Only four owners reported any 
repairs at all, and these averaged $4.44. The original cost of the plant, piping 
and fixtures, averaged $270.78. 
Forty-two owners were well satisfied with .the service their plants were 
giving; eight were dissatisfied; and four did not answer that particular ques-
tion. Thirty-six stated that they would buy the same kind of plant (or an 
improved model) if they were getting a new one. Six would get electric 
plants, two would go back to kerosene or gasoline lamps, and ten were 
undecided as to the kind of plant they would buy if they were getting new ones. 
The most often stated objection to the acetylene plant was the time and 
trouble for recharging, and this was made principally by owners of old plan ts 
of the smaller sizes. Many of the new plants are more easily recharged, and of 
such size that they need to be charged only two to four times per year. Other 
disadvantages were high cost, inability to be used for power, and danger if 
carelessly handled. 
The advantages of acetylene systems mentioned were soft, white light 
that is easy on the eyes, simple to operate, cheaper than electricity, con-
venience, cleanliness and intense heat for cooking and ironing. 
Investigations to Determine the Draft of Various Farm Implements, the 
Effect of Different Soil Types on Draft and the Effect of the Different Treat-
ments of Soils on the Draft of Various Implements. Also to Determine the 
Cost of Different Operations (M. M. Jones and F. L. Duley).-Draft tests of 
plows have been made during the past three years on 19 different plots that 
have received different treatments of manure and fertilizer and now have been 
under different cropping systems for the past 35 years. The soil type is 
Putnam silt loam. Heavy manuring seemed to increase the draft of plows 
slightly. Chemical fertilizers, even with heavy applications, did not increase 
the draft. Within a range of moisture conditions satisfactory for plowing, 
there was a tendency for the draft to increase as the moisture content de-
creased. At the time of plowing the plots, the manured plots were higher in 
moisture content than the unmanured. This fact probably brought the draft 
of manured and unmanured plots closer together than if they could have 
been plowed at the same moisture content. 
The Relation of Electricity to Agriculture-Electricity from power com-
panies.-(M. M. J ones).-A survey was made of 93 farms in Missouri that 
get electric service from light and power companies. Of this number 82 of the 
farms were owned and 11 were rented. The average size of the family was 
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4.25 persons. The average lighting load in the dwelling house was 577 watts. 
The number of farms on which electric lights in buildings other than the 
house were used was 43, and the average lighting load in the other buildings 
was 234 watts. 
On the 93 farms 72 irons, 26 sweepers, 26 washing-machines, 3 toasters, 
3 sewing machines, 1 grill and 1 fan were used. Twenty-one of the farms used 
electric motors. One farmer used 3 motors; 4 used 2 motors each; and 15 
used 1 each. Twenty' of these motors were used on water pumps; 2 on milking 
machines; 4 on cream separators; and' 1 on a bottle washer. The sizes of 
motor ranged from 78 h. p. to 3 h. p. No farmer had a separate transformer 
for his motor load, and only 2 had special power rates. 
Of the 93 farms surveyed, 18 used tractors; 32 used one gas engine each; 
6 used two engines each; 2 used three engines each; and 1 used four engines. 
Fortv-two used windmills. 
The cost of getting connected to the power lines ranged from nothing to 
$1000 per farmer, depending upon the nearness of the farm to town or an 
existing power line. 
Seventy-eight farms averaged 20.13 KW hrs. per month over a period of 
12 mon ths. Various systems of rates were used in differen t places, but the 
average rate for these 78 customers was 16 cents per KW hr. The average 
cost of energy per mon th was $3.22. 
Eighty-eight of the 93 farmers were well satisfied with the service they 
were getting. The only complaints were against the high cost of electricity. 
In almost every case the current was supplied cheaper than it could be gener-
ated by an individual light plant. . 
On the farms surveyed, the length of service ranged from 1 to 12 years, 
the average being 4.18 years. 
The farmers estimated that they saved from five minutes to one hour per 
day in doing chores by using electricity. The average of the 75 estimates was 
25 minutes. 
There was an average of2U customers per mile ofline. Before electricity 
can be used extensively, more ways will have to be found for the farmer to use 
electricity economically in his farm operations, so as to make an electric 
load large enough to justify the expense of building transmission lines. 
Where farmers live close together (2 or 3 or more per mile) and where 
they are not far from a power plant or transmission line, they can generally 
organize and build or have huilt an electric line to serve them more cheaply 
and more satisfactorily than they can generate the current themselves with 
small individual light plants. 
Electricity from individual plants.-A questionnaire was sent to owners of 
small individual lighting plants in Missouri. One hundred and forty-four 
replies wete received. All of the plants but two were of the 32-volt battery 
type. There were more 160-amper.e-hour batteries used than any other size 
Th~ average size of the generator was 977 watts. The average age of the plant 
was 4.42 years, the oldest being 11 years old. 
The average cost of 130 plants, complete with wiring and fixtures was 
$648.86. The average cost of fuel and oil for 104 plants for one year (1923) 
was $17.87. Sixty-two of the 144 reported repairs during the year. This aver-
aged $18.93 for the 62 plants. The largest item of repair was the renewal of 
batteries. Twenty-three of the 144 had had to renew their batteries during 
the year. The average age when batteries were replaced was 5.09 years. 
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Of the 144 parties answering the questionnaire, 97 used electric irons; 60 
used electricity for running washing-machines; 48, for sweepers; 24, for water 
pumps; 12, for fans; 11, for cream separators; 9, for general utility motors; 
2, for radios; 1, for heating pad; 1, for battery charging; 1, for running milking 
machine; 1, for grindstone; and I, for operating refrigerator. 
One hundred and thirty of the 144 plants gave satisfactory service. 
Eighty-four farmers had never been without light due to troubles with the 
plant, 23 had been without light only once; 14 twice, 7 three times, 2 five times, 
7 reported "several times" or "many times" without light, and 7 did not 
report on this point. The greatest disadvantages of the individual plant 
reported were expense, trouble and time required to care for plant, and in-
ability to operate large motors off the plant. The advantages enumerated 
most often were convenience, good lights, safety, power for household appli-
ances, water systems, irons, etc., and saving of time and labor in doing chores. 
Fuel cost of automatic electric plant.-A fuel economy test was run on a 
typical non-battery automatic light plan t. The plan t is so made that when-
ever a light is turned on anywhere, the engine automatically starts, and the 
current is delivered direct from the generator to the light or appliance switched 
on. The current is not stored in batteries. The plant runs as long as any light 
or other current-using device is left switched on, and stops when the last 
lamp or device is switched off. 
The test consisted of accurately measuring the fuel used by the engine 
when different loads are switched on to the plant. Table 3 shows thefuel cost 
of operating a non-battery electric plant at different loads. It is apparent 
that there is very little difference in the cos't of operation fora small load and 
if the plant is operated at all, lights up to 150 to 200 watts might just as well be 
used .. 
TABLE 3.-FUEL COST OF OPERATING NON-BATTERY ELECTRIC PLANT 
Load on plant 
Fuel consumption, , 
gals. per KW hr. , 
Fuel cost per Fuel cost per hr. 
KW hrs., cents· of operation* cents 
0 
- --- I -- -- 2.13 50 2.40 48.0 2 .40 100 1. 28 25.6 2.56 
150 .86 17.2 2.58 
200 .66 13.2 2.64 
250 .56 11.2 2.80 
300 .50 10.0 3.00 
400 .41 8.2 3.28 
500 .37 7.4 3.70 
600 .34 6.8 4.08 
700 .33 6.6 4.62 
800 .33 6.6 5.28 
900 .33 6.6 5.94 
-
*Gasohne figured at 20c per gallon. 
Cost of power for operatlng electric-driven milking machine.-The current 
used to operate an electric-driven milking machine was measured for a period 
of approximately 13 months. The machine operated four milking units and 
was driven by a 3 h.p.electric motor. The number of cows milked per day 
varied from 21 t633 during the period of the test. Approximately two-thirds of 
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these were milked twice a day and the remainder three times a day. Two 
men fed the cows, operated the machine, and weighed the milk. 
Total milk extracted ............................ 307,330 pounds 
Total cow milkings .............................. 30,342 
Electrical energy used ........................ 3,607.5 KW Ius. 
Energy used per lb. of milk ex-
tracted ......................... ; ................ ll. 74 wa tt hrs. 
Energy used per cow milked .............. 118.89 watt hrs. 
Energy cost per cow milking, as-
suming a rate of 5c per KW hr . .. 59/100 of 1 cent. 
On a two months test it was found that the machine used an average of 
2.46 KW hr. of energy per hour of operating. 
ANIMAL HUSBANDRY 
E. A. TROWBRIDGE, Chairman 
Factors Influencing the Normal Rate of Growth in Domestic Animals and 
the Permanency of the Effects of Arrested Development CA. G. Hogan).-
Steer calves of beef breeding were grown on three planes of nutrition, de-
termined by the amount of the feed supply. The first plane allowed normal 
vigorous growth without fattening, or approximately one pound daily gain. 
The second plane allowed a gain of one-half pound daily. The third plane 
allowed a gain of only one-third pound daily. Steers in the two underfed 
groups were fed ou t after underfeeding periods of varying lengths. 
Fig. 3.-A comparison between GrOl+p I steers and Grol+p II steers as to length. 
The Grol+p II steers aiter being put on full feed approximately caught I+P with the Group 
I steers. 
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The steers were weighed daily and measured monthly. The measurements 
all show the same general trend . The first measurement, the length from 
"point of withers" to "end of ischium" indicated the length of body and was 
taken as representative of the other measurements. Figure 3 shows the rela-
tion of (he length of the period of underfeeding to the permanency of arrested 
development in Group II steers. Number 528 was a normal animal of Group I 
and grew at a satisfactory rate, though it was considerably below maximum. 
Number 520 was full fed from birth and grew considerably faster than No. 
528. 
Fig. 4.-A comparison of Groups I, II and III as to weights. 
For the first few months all animals grew at the same rate. There was 
considerable variation as to the degree of underfeeding, even in the same group. 
Figure 3 will show that No. 578 and No. 573 were stunted much more seriously 
than 'was either No. 587 or No. 579. Number 587 was not permanently 
affected by the underfeeding process. The degree of underfeeding was not at 
all extreme and the period of underfeeding was comparatively short. Number 
578 was subjected to a far more drastic reduction in food intake, as is shown 
by the much slower rate of growth. When approximately three and one-half 
years old this steer was fed generousiy with a very marked response. Though 
this animal never became quite so long as No. 528, the difference was slight. 
Steer No. 573 was stunted one year longer than steer No. 578 and was per-
manently dwarfed to a greater degree. When No. 579 was placed on full feed 
at eight years of age he 'made a slight growth. Steer No, 580 was underfed 
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until approximately three years of age, then gradually brought up to full 
feed and after a refeeding period of fifteen months, he was slaughtered. 
It is impossible to know how much this steer would have grown but it 
seems reasona bl y certain that he would have a ttained normal size. N um ber 572 
was underfed for about six months longer and as a result he was permanently 
dwarfed. This steer gained rapidly when put on full feed but was always 
undersized. The 'steers fed the inadequate rations for longer periods than No. 
572 were less severely underfed. They ultimately attained practically the 
same size as No. 572. Number 585 was severely underfed for practically his 
entire life. At nine years of age he was still growing slightly. He was practical-
,ly as large according to the measurements as some of the other steers that 
were not subjected to such severe underfeeding. 
Weight alone was of practically no value in estimating true growth of 
these animals. By the rapidity with which the steers gained in weight when 
transferred from a scanty to a generous ration it is evident from Figure 4 
that animals which have been underfed for long periods of time retain their 
capacity for depositing fat in their tissues. 
The ~elation of Diet to Bodily Activity and the Capacity to Withstand 
Unfavorable Circumstances (A. C. Hogan, H. M. Harshaw).-The original 
plan was to study some relations of diet to the capacity of rats to rear normal 
young. In the first efforts the control females failed completely to bring their 
young through the suckling stage, so the original plan was digressed from in 
order to determine what were the dietary essentials required for normal 
fertility and normal lactation. 
Last year on a ration of casein 20, starch 50, milk fat 10, cod liver oil 5, 
dried yeast 9, salt mixture 4, and agar 2, sixty-four per cent of the young rats 
were reared. Since that time, however, much greater difficulty has been ex-
perienced in rearing the young. In most cases all the young would be dead 
within 4 days after birth, but they would frequently live until two or three 
weeks old. For some days before death they would be emaciated and exhibit 
characteristic spasms. In the case of one litter there were two deaths at the age 
of 17 days, and when 23 days old it seemed that the other four could not live 
much longer. The average weight of the young was only 16grams. At that time 
the mother was given daily 1 gram of yeasts epa rat ely from the restof the ration, 
and from that time the condition of the young seemed to improve and all four 
lived. When 43 days old one of the young developed symptoms which were 
believed to indicate polyneuritis. This specimen was given a solution of a 
vitamin concentrate and improved rapidly. Similar treatment of another 
litter resulted in similar but less marked improvement. 
Other investigations under way indicated that the yeast used was less 
potent than the material which had been used previously. The quantity of 
yeast fed to all the pregnant females was increased. When pregnancy was first 
noted, the animal (after removal to an individual cage) was given daily 100 
mgm. of yeast-vitamin Harris, separately from the ration. In each of the 
community cages enough dried yeast to furnish an average of 0.5 grams for 
each rat daily was placed. 
Following this change considerable improvement in the mortality rate of 
the young was noted, but it was still much too high. On April 2 the amount of 
vitaminB concentrate supplied to each pregnant female was increased to 200 
mgm. daily. On June 18 this , w,as .jl;l~roas,edto400 mgm. daily. As the quantity 
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of vitamin B carriers increased there was an increase in the number of litters 
and in the percentage reared. . 
When 100 mgm. daily of vitamin concentrate was fed to pregnant females 
36 per cent of the young retained were weaned. After this quantity was in-
creased to 200 mgm. the percentage reared increased to 88 per cent. The 
change to 400 mgm. has been made too recently to secure data. 
Other investigators have found it very difficult to secure a normal re-
production in rats that have been fed synthetic rations. It has been concluded 
from the data available at this Station that the maintenance requirement of a 
female rat for vitamin B is only a small fraction of the amount necessary for 
her to suckle her young successfully. 
Studies concerning the existence of a new vitamin, variously designated as 
vitamin E and as vitamin X have been continued. To date, the results con-
firm the work of Evans and Bishop, who reported the discovery of this acces-
sory. It has been suggested that butterfat contains vitamin X. In the last 
part of 1924 Crisco was substituted for butter in some of the cages. Later some 
of the cages were changed from Crisco to lard. Three females in the first 
group were given this ration and not one has borne a single litter. ,Somewhat 
later other females were started on similar rations, except potato starch was 
substituted for corn starch. A few of these have borne first litters. 
Methods of Wintering Pregnant Ewes and Fattening Their Lambs for 
Early Market-(Creep Feeding Lambs)-(M. T. Foster).-In the spring of 
1925 twenty-three grade Jambs, produced by mating Western ewes to purebred 
Shropshire rams, were started on a creep feeding experiment. These lambs 
ranged in age from 1 to 45 days and average 27 days old. They received a 
ration composed (by weight) of 2 parts corn, 2 parts oats, 1 part bran, and 1 
part linseed oil meal, ad libitum, in a creep. They were fed from March 21 to 
May 12 (52 days). After May 12 until the close of the experiment, June 23, 
lambs were removed and slaughteted from time to time, or as fast as they 
became fat enough and heavy enough. 
During the en tire period, March 21 to June 23, 1675 pounds of grain were 
consumed and a total gain of 776 pounds of mutton was produced. That is, 
it required 2.16 pounds of grain, plus what hay the lambs would eat, and 
their mother's milk, to produce one pound of gain. 
Feeding Grain to Beef Calves While Following Their Dams (E. A. Trow-
bridge, M. G. Clark).-Nine cows, Herefords, Aberdeen-Angus and Shorthorn, 
and their spring calves were used in this investigation. The calves averaged 
218 pounds in weight and 82 days of age at the time the investigation started, 
May 17, 1924. The mothers were allowed range on a good blue-grass pasture 
of about 15 acres, and the calves were kept in agood bluegrass pasture adjacent to 
the cows, butseparate from them. The calves were fed grain twice daily, a mix-
ture consisting of ground corn 5 parts, ground oats 2 parts, bran 2 parts, and oil 
meal 1 part. A medium grade of legume hay was kept before them at all 
times. They were turned with their mothers to nurse twice daily. This inves-
tigation closed November 1,1924. 
One lot of fall calves was fed on bluegrass pasture during the summer and 
fall of 1924. The trial began May 13, after the calves had been weaned, with 
five calves averaging 440 pounds in weight and 214 days in age; another calf 
was added on September 1. This trial closed December 1, when the six calves 
showed an average weight of 805 pounds. They were fed a grain ration of 5 
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parts ground corn, 2 parts ground oats, and 1 part oil meal, until August 14 
when the oats was eliminated, and the ground corn and pea-size linseed oil 
meal were fed in proportions of 6 to 1. 
TABLE 4.-FEEDING GRAIN TO BEEF CALVES 
No. of calves __ ______________ ___________________ _ 
Length of feeding period (days) _________ " ________ _ 
Age at beginning of period (days) _________________ _ 
Weight at beginning (lbs.) _______________________ _ 
Weight at c1ose _________________________________ _ 
Total gain _____________________________________ _ 
Average d a i I y g ai n ______________________________ _ 
Average daily feed consumed Corn ________ ~ _____________________________ _ 
Oats ______________________________________ _ 
Bran _______________ __________________ c ____ _ 
Oil meaL __________________________________ _ 
lIay ______________________________________ _ 
Feed per 100 Ibs. gain Corn _______________________________ _______ _ 
Oats ______________________________________ _ 
Bran ______________________________________ _ 
Oil meaL __ ________________________________ _ 
lIay -c-------------------------------------
Spring calves Fall calves 
9* 
167 
82 
218 
536 
318 
1.90 
3.25 
1.30 
1.30 
.65 
1.16 
171. 73 
68.53 
68.53 
34.27 
61.20 
st 
201 
214 
440 
805 
365 
1. 87 
9.89 
1.26 
1. 76 
527. 
67. 
93.6 
*On the 17th of September two calves were removed on account of sickness. Calculations for feed 
for the mOIlth preceding that date were made assuming th at these two calves consumed a half ration 
each. 
tOn September 1 another calf was added to this lot. 
The spring calves were continued on feed after the test closed. Some 
were marketed December 1 and others in January, and were in good condition. 
The fall calves were all marketed December 1 and sold exceptionally well 
on the St. Louis market. 
Another similar trial was started in the spring of 1925, and is now in 
progress. A similar project in cooperation with the U. S. Department of Agri-
culture at Sni-A-Bar Farm, Grain Valley, Mo., has also been started. 
Growing Draft Colts (E. A. Trowbridge, D. W. Chittenden).-The object 
of this investigation was to determine how colts fed a limited grain ration 
from weaning time to inaturity compared in growth with colts full fed. Seven 
head of purebred Percheron colts foaled in 1923 were divided into two groups 
at weaning time. The colts in Group I were full fed on a grain ration of 2 
parts ground corn, 2 parts ground oats, and 1 part bran, with alfalfa hay for 
roughage. The colts in Group II were fed half as much grain, but were given 
all the alfalfa hay they would eat. Table 5 shows a detailed summary of the 
data for the first part of the yearling period. 
On November 28, 1924 the colts were brought into winter quarters and 
fed there until May 2,' 1925. The same ration was used. A summary of the 
data for this period is found in Table 6. 
Body measurements of the colts were made every twenty-eight days, in 
addi tion to the feed and weigh t records. . 
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TABLE 5.-SUMMARY OF THE DATA FOR THE FIRST PART OF THE YEARLING PERIOD 
(May 10, 1924 to November 28, 1924). 
Number of colts- ____________________ ____ ________ ____ _ _ 
Length of period (days) _______________________________ _ 
Average age beginning of period (days) ____ ______________ _ 
Av. age close of period (days) _____________________ _____ _ 
Av. wt. beginning of period (lbs.) _____ _____________ _____ _ 
Av. wt. close of period (lbs.) ____________ ___ __ _____ __ __ _ _ 
Total gain per colt (lbs.) ______________________________ _ 
Av. daily gain per colt (lbs.) __ ________ _____________ __ __ _ 
Total feed per colt (lbs.) flay ____________________________________________ _ 
Grain _____ ____ ___ __ __ ______ _____________________ _ 
Grass __ __________ _____ ______ ________ ____ c _______ _ 
Av. daily ration Grain (lbs.) ______________________________________ _ 
flay ___ ______ ____ _______________ ________________ _ 
As. 
I 
• ..!'~ 
Group I Group II 
3 
202 
372 
574 
891.77 
1182.00 
290.23 
1.43 
1.0 
1365.50 
ad. lib. 
6 . 75 
C ori 
~n ror 
-
f-" ~ 
3 
202 
370 
572 
874.44 
1130.66 
256.22 
1.26 
5 . 33 
683 .00 
ad. lib. 
3.38 
.. 
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-
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Fig. 5.-Increase in weight of two groups of Percheron colts fed a half and a f~lI 
grain ration respectively and roughness ad libitum. 
TABLE 6.-SUMMARY OF THE DATA ON COLTS FOR THE SECOND PART OF THE YEARLING 
PERIOD 
(November 28, 1924 to May 2, 1925). 
Number of colts _________________ _____________________ _ 
Length of period (days) ____ __ _________ ________________ _ 
Av. age beginning of period (days) ______________________ _ 
Av. age close of period (days) _____________________ ____ _ _ 
Av. wt. beginning of period (lbs.) __ ___________________ " __ 
Av. wt. close of period (lbs.) - - - - - -- - - _ - 0 ____________ __ --
Total gain per colt (lbs.) ___ ___ _______ ___ _______________ _ 
Av. daily 'gain per colt (lbs.) ___ ____________ ___ ____ ____ _ _ 
Total feed per colt flay (lbs.) ______________ ____ _____________________ _ 
Grain (lbs.) ___________________ ___________________ _ 
Average daily ration flay (lbs.) ______________ " ______________ ____ __ ____ _ 
Grain (lbs.) _______________ , ________ ____ ___________ _ 
Group I Group II 
3 
156 
574 
730 
1182 
1321.44 
139.44 
.89 
2122.66 
1894.83 
13.60 
12.14 
3 
156 
572 
728 
1130.66 
1170.44 
39 . 34 
_25 
2532 .00 
952.00 
16.23 
6.10 
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Forage Crops for Swine (L. A. Weaver).-During the past year the 
amount of grain or concentrate to feed on pasture and the kind of concentrate 
which will give best results with various pastures have been studied. 
Three lots of hogs were fed the same grain or concentrate on the same 
forage for a period of 119 days, or from May 22 to September 18. Lot I 
received three-fourths of a full feed, Lot II was full fed morning and evening by 
hand, while Lot III was self-fed. The ration used was shelled corn, nine 
parts; shorts, two parts; and tankage one part, by weight. The proportion 
of feeds was such that the morning feed of the hand-fed lots consisted of corn 
(6 patts), while one-half of the evening feed was a slop made from 2 parts 
shorts and 1 part tankage (3 parts) and one-half shelled corn (3 parts), the slop 
being fed first, followed by the corn. The ration for the self-fed lot was mixed 
and kept before the hogs at all times by using a home-made self-feeder. 
The amount of feed given Lot I was determined by the amount of feed Lot II 
consumed. The pasture was the same for all lots. For the first 42 days it was 
sweet clover. For the last 77 days alfalfa was used. 
The hogs were purebred Duroc Jerseys, weighing approximately 54 
pounds when started on the experimen t and were fed un til the hogs in all lots 
had reached a marketable weight, 200 pounds. The lot fed only three-fourths 
of a full feed gained 1.27 pounds per head daily. The average final weightfor 
the hogs in this lot was 206.45. There was little difference in the rate of gain 
made by the two lots which were full fed. The self-fed hogs gained 1.65 
pounds daily per head, while the hogs full fed by hand gained 1.60 pounds. 
The average final weigh t of the self-fed lot was 250 pounds and the average 
final weigh t of the full fed by hand lot was 245 pounds. The amount of con-
centrate consumed varied in direct proportion to the gains made. While it 
was impossible to measure the amount of forage consumed, it was evident 
that appreciably more was consumed by the hogs which were fed a limited 
. grain ration. 
The lot fed a limited grain ration required the least amount of concen-
trate to produce 100 pounds gain-390.56 pounds. The lot which was full fed 
twice daily by hand required 415.07 pounds, while 443.76 pounds of concen-
trate was used for each 100 pounds gain made by the self-fed hogs. 
Kind of concentrate tofced on pasture.-The hogs used for this investiga-
tion were pure-bred Poland China barrows, weighing approximately 65 pounds. 
per head when the experiment started, July 10. They were fed for 98 days, at 
which time they weighed a little more than 200 pounds. The ration fed one 
lot consisted of shelled corn, 10 parts; tankage, 1 part, by weight, and another 
lot was fed 1 part tankage to 20 parts shelled corn. The hogs of both lots were 
fed all they would eat twice a day. The first lot made slightly more rapid gains. 
At the end of the trial the ten hogs in the first lot gained 41.67 pounds more 
than those in the second lot. The first lot, however, had consumed 224 
pounds more tankage;the second lot had eaten 214 pounds more corn. The 
total amount offeed required to produce 100 pounds of gain was practically 
the same for both lots, 352.4 for the first lot and 355.08 for the second. There 
was no question but that corn, 20 parts, tankage, 1 part was the more econom-
ical ration than the one containing the larger amount of tankage. Both lots 
were fed on alfalfa pasture. 
Fecundity of Swine: The Effect of Age, the Normal Oestrous Cycle, and, 
the Cycle as Influenced by Unfavorable Dietary Conditions (F. B. Mumford, 
A. G. Hogan, F. F. McKenzie).-The dlcct of age.-The breeding of immature 
g ilts , a nd in t urn, g ilts frolll t he firs t line rs o f t hese earh hred animal s, ha s 
continu cd no w fur s ix tec n yea rs and at thi s tim e th e s ix tee nt h ge ner a ti o n o f 
thi s co ntinu ed ca rh' hreedin g has hee n reac hed, Th e s ub-proj ec t, begun in 
1920, in whic h car l,' hreedin g was 'arri eJ o n with g ilts o n h ig h, Ill ediulll, and 
low p lan es o f nutritio n, has no w reac hed th e fifth ge ne ra ti o n , Th e addition a l 
d a t a ga th e red co rroborate co nclu sion s , fo rm e rl, ' drawn, n:1ll1 c h ' : 
(1) So ws hred first at six to te n mo nt hs o f age and twi 'e a !'ear th e re-
afte r, as co mpared with sows not hred until six tcc n o r e ig htee n mo nt hs o ld , 
produ ce (n) more pi gs at less cos t, and (h ) pigs th:1t m :lture near l!' , if no t quite 
a s rapid l!" 
(2) Earl !' hreedin g, toge th e r with ge nc rou s feedin g , re sults in s lo we r 
g rowth o f th e so w ; a hout:1 , 'car to e ig h tcc n mont hs m o re is requirecl for th e 
e arh' bred individllal to a ttain he r ful l ~ i ze, 
'( :~ ) So ws fed well b:1lan ced rat 'o ns, but in s ufli c ie n t in am o ullt , are h ard 
t o ge t bred , Th ey produ ce few e r litte rs, and lose a larger perce nta ge o f pigs in 
th e s Lick ling peri od , The sows them se lves fai l to reac h th e full size t he y o t he r-
wi se wou ld attain , 
Th e lI orlllal oestroll s l:J't/e ,- Yo un g, health!' , sex ua ll y mature so w pigs o f 
reputabl e b reedin g we re used in an 'lttempt to s tud y t he ex t ern:1 1 s ig ns ex-
hibited from o ne ht'at pe ri od to t he nex t, and to o rre late s uch s ig ns with 
change goin g on in t he ge nital tract, The animal s we re examined at reg u lar 
interva ls and obse rvation s mad e on th eir behavi o r and th e ond it ion of t he ex-
terna l ge nital s and ves tibu le, At such tim es samp le o r s mears were take n ot' 
F ig, 6,-(At left) Cross section of vagina of BOW SR, in oestrus. Note the thick 
epithelium, 14·22 cell layers, (At right) rou section of vagina of sow 4P, four 
days after oestrus, Note slough ing of ep ithelium, 
t he ves tibu lar and vag inal co nte nt ~. E leve n anim;1l ~ we re kill ed a t va rious 
inter val s fo ll owin g oes trUIl1 or heat and t hu s was o htain ed a se ri es of eleve n 
reprodu c ti ve S)'s te ms fo r th e s tud ), o f t he vari o ll s s tn ges in t he oetro us cycl e. 
A. Cyc lic c han ges we re found to occ ur: Tn rh e ex tern a l ge nita ls and 
ves tihu le as d e termin ed h )· macroscopi c ex aminati o n. Th e c hi e f signs of heat, 
a sid e fro m th e chara c te ri s t ic rece pti ve attitude to t he hoar, are swe lli ng of t he 
vul var labia, and a wate r )' sec re t io n from th e rdread ), rela xed and con ges ted 
w all s of t he ves tibul e. With t he pa ssin g o f heat th ere is a suhs idin g of th ese 
cha nges to t he co nditi o n fo und in t he di oes trull1, nam ely contracted hbi a, 
Ill ois t and no n-co nges ted ~ es tiblilar wa ll s, and a mark ed ave rsion to Illatin g. 
B. In th e ves tibular and vag inal contents: The meal' consis ts of epith e-
lial cell s ancl leucoc l'tes. Tn th e j ll'CJ - OC trum th e former predominate alm os t to 
the exclu sio n o f rh e larre r. During :1 III I a fr er oes tru s t he le llcoc)'tes co ntinll e to 
in crease in numhe r for a ho ut a wee k th e n te nd to d isappear again. T he 
epith eli al cell s are a lwa ys prese nt , th e co un t heing lo wes t in late di oes trum . 
C. In th e hi s to logy o f th e ves tibu le, va g ina, a nd uteru s: Th e cycl e 
consis ts of a g rowt h pha se and it degen erat ive phase. In t he form e r 
the linin g m embran e or mu cosa thi c kens vc ry no ti ceah l)' durin g the peri d 
precedin g heat, w hil e in t he latter, heginnin g a hout th e tim e of heat, t here is it 
cessation o f g rowt h foll ow ed hy a slo ll g hin g o r resorptio n of t hc old t iss ue. T he 
greates t growt h occ urs durin g th e on e or two da ys preced ing heat, a nd mos t 
marked " s loug hing o ff" is no ted a ho Lit th e fo urth da y a fte r heat. 
twelve days after oestru s. 
ce ll Juy fl . 
D. In th e ovaries. T he v ary too is co ns tantl y c ha nging : Thus at four 
days after heat th e re wer 1 folli cles pe r ovary evid ent at th e surface, ave rag-
ing 1.7 mm. in diamete r, 5 red co rpora llltea .0 mm; at 10 days after heat 48 
follicks a.a mm. in diam e te r, 0 pink corporalutea !l.2 111 Ill; and ill ea rll' h ea t () 
large follicl es 11.7 111m. in diamcter, alld 7 whire co rpora lutea ;).-1 111m. in 
di:llllcrcr. 
Ol'Ldation occlirs so m e twe nty- four hours o r more aFter th e fir s t s ig ns of 
heat. 
Fig. 8.-(.\l lefl) T.ef t ovary of so w SR len clays aflcr O"slru ,. ~Jan y medium-s i7.ecl 
rHllicl es (,,·5 min. diam eter). (Al l'i),!'ht) Hig ht ova ry or ~.IW 50, :\1 tin,t ~ ig n s ( If 
t1c..'~ l r l1 !'i . Fulli l' lL's largest at thi s stage ( 1 J-J2 mm. diameter). 
~,. 
Fig. 9.~Right ovary of sow SR, late 
oeslrlls--ovulaled . Follicles small (1 -2 
mill. diameter). 
e1islended. 
orpora lulea not yet re4 
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The effect oj a calcium-low ration onjecundity .- Two lots of five gilts each, 
3-4 months of age, were placed on experiment, one lot on a ration considered 
adequate, the other on a ration low in calcium (0.026% calcium), all receiving 
well water. These were kept on board floors, outside, with shelters adjoining. 
Another two lots of gilts, one lot on each of the above rations, were kept under 
: den tical conditions, but were not started until 8-9 months of age. Some of the 
animals in the four lots were killed at different stages in the oestrous cycle; 
seven farrowed litters. Sows 6C, 31A, and 6A, in the following table belong to 
the older group and farrowed when 19-21 months old, and the other four 
animals farrowing when 13 mon ths of age. 
The immediate cause of the loss of litters in the low calcium group seemed 
to be insufficient milk secretion on the part of the dams. 
TABLE 7.-LITTERS FARROWED BY Sows ON Low AND ADEQUATE RATIONS 
N umber of pigs Number of pigs 
Av. Wt. at 
Ration and Sow farrowed weaned Birth Ibs. 8 wks. lb. 
Calcium-low ration 
Sow 6C- ______ 10 (very weak) o (all dead by 3rd 
. da y) 2.28 
-- --Sow 40C _____ 9 (fairly strong) '0 (all dead by 3rd day) ____ ______ 1. 81 
- - - -
Sow 47C- __ __ 7 (5 strong, 2 
dead) 5 (raised on cow's 
milk) 2.37 17.2* 
Adequate ration 
7 (strong) Sow 31A _____ o (all mashed 1st 
day) 2-3 
- - --Sow 6A ___ ____ 6 (strong) 3 (mashed 3) 3.47 36 . 8 
Sow 14A 7 (strong) 7 2.56 19 . 98 
Sow 17A _____ 8 (strong) 6 (1 analyzed, 1 
killed accident-
ally) 2 . 37 22 . 6* 
*80W8 17A and 47C, li ttr.::T matt's. farrowed abo llt the same time and two pigs of one were ex:changed 
for two pigs of the other, and the weights at 8 .weeks are for those pigs the sow raised . The pigs nursed 
by 47C be cam e very thin and weak and wou ld almost certai nly have died, so that cow's milk was 
o ffered them whe:~ they were three weeks old anu subs equentl y unti l eight wee ks of age. 
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BOTANY 
WILLIAM J. ROBBINS, Chairman 
The Relation of Hydrogen-ion Concentration to the Growth of Plants 
(William J. Robbins).-Studies on the relation between the isoelectric point 
previously found for potato tuber tissue (pH 6.4) and the toxicity of anions and 
cations have been made. The cyanide anion and acid dyes such as eosin have 
been found to be more injurious to potato tuber tissue in solutions acid to pH 
6.4 than they are in solutions alkaline to pH 6.4. The sodium cation and 
basic dyes such as brilliant green and dahlia proved more injurious to potato 
tissue in solutions alkaline to pH 6.4 than they did in solutions acid to pH 6.4. 
Cations were more injurious on the acid side of pH 6.4 than would be ex-
pectedif potato tissue tuber acted like a single protein. The injurious effect of 
the ions was measured by determining the water absorption of the potato 
tissue. The conclusion was drawn that hydrogen ion concentration was an 
important factor in determining the toxicity of ions. The isoelectric point 
for plant tissue to which attention has been called in these investigations was 
of significance in determining the reactions at which cations and anions 
evidence their maximum toxic effect. Certain differences between the response 
of potato tuber tissue and the response which would be anticipated from a 
single protein were found. 
Some observations have also been made on the effect of hydrogen-ion 
concentration upon the toxicity of potassium cyanide to the fungi. 
A Study of Certain Fusarial Diseases of Plants (Irl T. Scott).-Tomato 
Fusarium Wilt. Additional experiments were conducted during the season of 
1924 in which an effort was made to adjust the reaction of field soils to that 
found to be unfavorable for infection by Fusarium lycopersici. Water-slaked' 
lime Ca(OHh and powdered sulphur were used in treating the soils. In all 
cases the treatments were thoroughly incorporated with the upper 8 to 9 
inches of the soil about two weeks before the plants were set out. The lime 
was applied at the rates of 6,000 and 8,000 pounds per acre, respectively; 
and the sulphur at the rates of 400 and 600 pounds, respectively. The initial 
reaction of the soil used was pH 5.2 to 5.3. Livingston's Early Stone, a very 
susceptible variety of tomato, was used . At intervals of from · three to four 
weeks representative samples were taken from each treatment and the checks 
and the reaction determined electrometrically. Although the soil used had 
been badly infected with the wilt o"rganism for several years, the root systems 
of the seedlings were inoculated with a spore suspension of a monosporic 
strain of F. lycopersici. Due to cool weather in the .earlier part of the season, 
the wilt developed rather slowly but wilting finally occurred in all plots. 
The following is a general summary of the results. 
TABLE 8.-SUMMARY OF RESULTS OF EXPERIMENT WITH TOMATO FUSARIUM WILT 
Treatment Average pH after Average pct. wilt after Average (I n pounds 'per yields in lb •. 
acre) 17 da. 40 da. 73 da. 24 da. 43 da. 62 ·da. 71 da . perA. 
---------------
C.(OHh 6000._ 7.3 7.37 7.6 0 0 12 . 8 74.2 17,647 
C.(OHh 8000 __ 7.8 7.62 8.0 0 0 12 . 8 70 . 2 20,752 
Sulphur 400 ___ _ 4 . 95 5.05 5 . 0 0 4.2 . 49.9 80.0 9,650 
Sulph.ur 600 __ __ 4.9 4.9 4.8 2.1 2 . 1 27.3 75 . 6 10,402 Check _________ S .1 5.2 5.2 4.2 7.7 36 . 2 I 90 .0 12,791 
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There was a marked difference in the rate at which the wilt developed in 
the different treatments and also in its severity. Much of the fruit taken from 
the check and sulphur-treated plots was small and of poor grade due to ripen-
ing prematurely on badly wilted vines. While from 70.2 to 74.2 per cent of the 
vines on the limed plots showed wilting, in over 50 per cent of these wilted 
plants only one or two branches of each plant showed pronounced wilting. 
The check plan ts and those on sulphur-treated plots were completely down. 
Most of the fruit gathered throughout the season from the limed plots was 
good marketable fruit. It was not possible to draw definite conclusions from 
this single experiment. It was evident that in order for the lime to exert its 
full effect in shifting the reaction of the soil, it was necessary that it be thor-
oughly incorporated with the upper 8 or 9 inches of the surface soil. Experi-
ments previously reported showed that lime applied to only the upper two or 
three inches produced little change in reaction beneath the depth at which 
applied and therefore was of little or no benefit in adjusting the reaction in the 
region of the root system 0 the growing plants. 
Aljaljajusarium blight.-For several years a blighting of alfalfa plant!; has 
been increasing in Missouri. A species of Fusarium has been found to be 
closely associated with the disease in every case. Isolations from diseased 
plants grown in rather widely separated localities have yielded species of 
Fusarium apparently identical in morphological characters. 
Wheat scab varietal resistance.-The number of strains and varieties of 
wheat have been reduced to 29 with a larger number of replications in the 
experimental plots. The highest percentage of infection, in spite of artificial 
infection during the spring of 1924 was about 11 per cent. Several selected 
strains showed considerable promise in their relative resistance to infection 
by the wheat scab organism, Gibberella saubinettii. Prominent among these 
were: Michigan Wonder (Mo. Exp. Sta. Sel. W207), Poole C. 1. 5353 (Mo. 
Exp. Sta. SeI. W174), Pride of Indiana (Mo. Exp. Sta. Sel. W212),Red Cross 
(Mo. Exp. Sta. Sel. W206), Red May (Mo. Exp. Sta. Sel. W203), Red May 
(Mo. Exp. Sta. SeI. W21O), and Red May (Mo. Exp. Sta. SeJ. W214). All 01 
these showed less than 1 per cent infection. The Turkey-Kanred group and 
the Mediterranean group. showed the greater susceptibility to scab. 
Miscellaneous Investigations. (Irl T. Scott).- King David apple spot.-
During the years 1923 and 1924 a new fruit spot of apple developed in this State 
apparently limited to the fruit of the King David variety. Preliminary 
investigations showed that the spotting occurred on fruit approaching ma-
turity during the late summer. The disease was characterized by circular, 
dark-brown to black slightly sunken spots from 2 to 8 millimeters in diameter, 
centered about a lenticel and more abundant on the side of the fruit exposed 
to the sun. The spots did not penetrate over 4 to 5 millimeters into the fruit. 
No causual organism has been found to date. It seems probable that thl;: 
spotting is of a physiological nature. 
Cotton seed treatments.-Studies are being made on cotton seeds of the 
infl.uence of Semesan, an organic mercury disinfectant, upon the percentage 
of germination, stand and freedom from seed- and soil-borne diseases. 
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DAIRY HUSBANDRY 
A. C. RAGSDALE, Chairman 
A Study of Colostrum. With Special Reference to the Effect of Heat 
(pasteurization) on its Physico-Chemical, Bacteriological, Immunological, and 
Nutritional Changes (A. C. Ragsdale, Samuel Brody, C. W. Weber).-Nor-
mal mortality and well-being of calves.-In order to determine the "normal" 
mortality of calves, a study was made of calves in the dairy and beef cattle 
herds of the College of Agriculture. Of 236 calves allowed to nurse the mother, 
16, or 6.77 per cent, died within the first six months from scours, hairball in 
the stomach or other digestive disturbances, constricted bladder, navel in-
fection, or pneumonia. Three, or 1.36 per cent, of the 220 calves remaining 
alive died between the ages of six mon ths and one year. Of 868 calves allowed 
to nurse the mother for the first three or four days and then hand-fed (from 
the bucket) with the mixed whole milk of the herd, 49, or .5.57 per cent died 
within the first six months from scours, other digestive disturbances, or 
pneumonia. Of 187 calves on which complete data concerning health and 
well-being were available,31, or 16.,58 per cent, were sick at some time during 
the first six months of life, and 12, or 38.71 per cent of all sick animals died. 
Between the ages of six months and one year there were seven sick calves. Of 
this number, one, or 14.28 per cent, died. The percentage of deaths among the 
total number of calves was 6.41 under six months of age, and 0.57 per c~nt 
between the ages of six months and one year. 
Pasteurized colostrum.~Fortv calves known not to have nursed their 
dams were fed their mothp.rs' coiostrum which was pasteurized in a water 
bath at 140°F. for 30 minutes. Of these, 26 remained in excellent health at all 
times,ll were sick at some time during the first six months but recovered, and 
3 died under six months of age. This was a mortality of 7.5 per cent. 
Egg-white and milk emulsion as a substitutefor colostrum.-Ten additional 
calves were fed on an egg-white-and-milk emulsion. This brings the total 
number of calves on this experiment to 29. Of this number 10 died. This was a 
mortality of 34.14 per cen t. The egg-white-and-milk emulsion was prepared by 
mixing the whites of eggs with whole milk free of colostrum. For the first meal 
whites of six .eggs were used. The number of eggs was decreased by one for 
each feeding until the white of only one egg was given at a feeding. This was 
con tinued un til the calf was seven days old. . 
Raw wholemilk as a substitute for colostrum.-Seven additional calves 
known not to have nursed their dams were fed on the mixed whole milk 
(colostrum-free). This brings the total number of calves so fed to 28. Of 
these 28 calves, 12 remained in good cOlldition and showed no apparent ill 
effects from their diet. There was a mortality of 46.4 per cent in this group. 
Apparently the mortality rate of non-colostrum calves depended upon the 
virulence of the B. coli present in the herd, and environment. ' 
The transmission of the bacterial-immune bodies through colostrum from 
the Cow/o the caif.-Analyses determining the bactericidal ti ter of blood serum 
were made of 24 calves. The blood samples were obtained at birth 'and at 
12 and 24-hour in tervals for 'the first five days of life. The calves were divided 
in to four groups, ten calves receiving milk con taining several cubic centimeters 
of anti-coli bacteriophage filtrate, five receiving colostrum, five receiving an 
emulsion of egg-white in milk, 'and four receiving wholemilk (colostrum-free). 
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The bactericidal titer of the blood serum at birth was low with a rapid rise 
with age, which appeared to be independen t of the feed or the time of feeding. 
Tlze bacteriophage phenomenon in the blood serum of calves after receiving 
colostrum.-The blood serum of five calves, after receiving cGlostrum, exhibited 
the bacteriophage phenomenon. The bacteriophage was polyvalent, having a 
virulence against both a stock strain of B. coli and a virulent strain of B. coli 
isolated from a calf fed milk and which died of B. coli. infection. The blood 
serum of this same growth in five calves did not exhibit a bacteriophage phe-
nomenon before ingesting colostrum. Four calves fed milk as a substitute for 
colostrum failed to exhibit the bacteriophage phenomenon and all died of B. 
coli infection. 
The growth of B. coli in colostrum and colostrum substitutes.-Fresh, raw 
colostrum has a bactericidal action against both an avirulent and a virulent 
strain of B. coli. Samples inoculated with less than 5000 B. coli. per c.c. failed 
to show the presence of this organism after eight hours incubation at 370 C. 
An emulsion of egg white in milk at a concentration above 20 per cent was 
inhibitory to the growth of an avirulent strain of.B. coli, but was an ideal 
culture medium for the growth of a virulent strain of B. coli. Raw milk has a 
low bactericidal action against the growth of B. coli. The lytic action of an ti-
coli bacteriophage was very low in milk. An emulsion of egg white in milk 
favored the lysis of B. coli by the bacteriophage. The optimum concentration 
of the egg white emulsion in milk appeared to be betwec::n 30 and 40 per cent. 
Minimum Protein Requirements for the Growth of Dairy Heifers (A. C. 
Ragsdale and W. P. Hays).-Five dairy animals have been fed on a synthetic 
ration calculated to provide an adequate supply of energy, minerals, and 
vitaminc::s, and wi th milk as the sole source of protein. A 10.23 per cen tactual 
protein plane was used. Three of the animals (males) were started on the 
ration at birth, one heifc::r at 4 months of age and another heifer at 17 months 
of age. The three males have been on the ration approximately six months 
each, the heifc::rs nearly a year. The five have averaged 75.2 per cent normal 
growth in height at withers and 72.4 per cent of normal gain in weight. 
Complete feed records have been kept on 20 dairy heifers from birth to 
six months of age. They have been kept under normal conditions of good herd 
management and have made normal growth. Protein has been supplied by 
alfalfa and a mixture of grains. 
Studies in Milk Secretion; (a) Time Relations in Milk Secretion, (b) 
Mechanisms Regulating Variations in tl!e Composition of Milk (A. C. Rags-
dale, Samuel Brody, C. W. Turner, and W. P. Hays).-The effect of environ-
mental temperature on the percentage of fat in cows' milk.-Over a period of 258 
days, in a temperature range of from 24.5 to 86.5 degrees F. there was a dif-
ference of 0.489 per cent in the fat test. The increase in fat test amounted 
to 0.079 per cent for each 10 degrees lowering of the environmental temper-
ature. 
Seven controlled temperature trials on two Jersey cows were run at 10 
degree intervals of temperature, with all other conditions remaining normal. 
The range of temperature was from 27.0 to 92.7 degrees F. Below 70 degrees F. 
there was a constant increase in the percentage of fat as the temperature 
dropped. Above 70 degrees F. ther.e was an actual increase in the fat test. 
From 72.5 to 27.0 degrees F. there was a total increase of 0.863 per cen t fa t. It 
seemed that there was a range of temperature between 70 and 90 degreesF. 
within which the lowest testing milk was produced. 
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A comparison of Guernse)' sires based on the fat production during the 
month of the maximum and the persistency of decline of fat production.-The 
average "mature equivalent" fat production during the month of maximum 
production of the daughters of each of 263 Guernsey sires having ten or more 
daughters in the Advanced Registry, was determined. They ranged from 75 
pounds of fat down to 41 pounds. When the sires were grouped according to 
the yearly average fat production of their daughters, and then the quality of 
these daughters out of dams of varying productive capacity determined, it was 
found that for each pound of increase in fat production of the dams, the daugh-
ters showed an increase of only approximately 0.2 pounds. 
High production depends upon producing a large amount of fat over a 
long period of time. A method has been 'Yorked out whereby an index of 
persistency may be determined. 
Dam and daughter comparisons indicated that the dam's persistency has 
little apparent effect on the daughter's persistency. It was also indicated that 
high maximum production was not a sure index of large total production. 
High persistency is also necessary . A short-time record, lacking an index of 
persistency of production, if used as a basis for breeding operations, might 
cause a serious decline in total production. 
Standards of Growth for Dairy Cattle (Samuel Brody, A. C. Ragsdale, 
W. P. Hays, and E. C. Elting).-The course of skeletal gt:owth of Jersey and 
and Holstein heifers has been studied and the data prepared for publication. 
A new apparatus for measuring surface area of animals has been devised. 
I t consists of a small metal cylinder of known area, attached to a revolution. 
counter. A marking device indicates the edges of the area covered by the 
roller. The number of revolutions required to go over the entire surface multi-
plied by the area of the roller gives the surface area of the animal. The surface 
areas of 97 dairy cattle were measured. Formula S. A. = 1470\vo.66, in 
which S. A. is the surface area in square centimeters and W is the live weight of 
the animal in kilograms, was found to express accurately the relationship 
between surface area and live weight of dairy cattle. It was shown that there 
was a relation between the time required to reach maturity and duration of 
life and also between weight at maturity and duration of life. 
The E.ffect of Each Ingredient in the Manufacture once Cream CW. H. E. 
Reid).-The effect on the viscosity, the bacterial flora and the quality of the 
resulting ice cream when the ice cream mixture was re-emulsified, reviscolized 
or rehomogenized was studied. Tlfirty mixtures of standard fat and solids 
content were used. Ten of the mixtures were run with each of the machines. 
The ingredients were mixed in a batch mixture, pasteurized at 150°F. for 30 
minutes and then emulsified, viscolized, or homogenized at the pasteurization 
temperature. Three 55-pound batches were collected from each mix. One 
batch was cooled immediately to 40°F. The other two batches were processed 
a second time after which one was cooled and the other processed a third time 
and then cooled. A pressure of 2000 pounds per square inch was used in 
processing l'i th both the viscolizer and the homogenizer. A pully speed of 100 
revolutions per minute was used in processing with the emulser. 
Emulsification, viscolization, and homogenization 'all cause an increase in 
the viscosity as compared to the viscosity of unprocessed mixtures. Re-emul-
sification of ice cream mixtures a second and third time gave an increase in the. 
visoosity with each successive processing. A second ' an~ third viscoli~at~on 
or homogenization decreased the viscosity of the ice 'cream mixtures. 'Each 
ONE YEAR'S WORK, AGRICULTURAL EXPERIMENT STATION 49 
successive processing increased the bacterial count. Reprocessing the 
ice cream mixtures improved the body and texture of the resulting ice 
cream in every instance. Reprocessed ice cream mixtures showed greater 
increases in viscosity while aging. A maximum dispersion of the butterfat into 
the serum seemed to be a more important factor in producing a high quality 
of ice cream than the viscosity of the mixture . 
The Inheritance and Transmission of the Characters "Capacity for Fat 
Production" (c. W. Turner) .-A study of the progeny performance of 263 
Guernsey sires having 10 or more daughters has been completed. 
The yearly fat records of the daughters and their dams were converted to 
their "mature equivalent" production, so that comparisons could be made on 
an equitable basis. By grouping the sires into classes on the basis of the daugh-
ters' average yearly rat production and then determining the quality of the 
daughters out of dams of various productivity it was found that for each 100 
pounds of fat per year increase in the production of the dams there was a 
corresponding increase in the production of the daughters of approximately 15 
pounds of,fat. 
The results were expressed in the form of equations ' as follows: 
(1) Daughter's fat production =0.15 X Dam's fat production + 
(2) Sire's potential 
transmi tting 
0.85 X Sire's potential transmitting ability. 
ability = Daughter's fat production -0.15 X Dam's fat production 
0.85 
By means of genealogy charts, the ahility of the sires and dams to trans-
mit the favorable factors concerned in fat production through their sons to 
their granddaughters was studied. It was found that sires were more able to 
transmit their potential production through their sons to their granddaughters 
than were the dams able to transmit their own production (as indicated by 
their best converted fat record) through their sons to their granddaughters. 
The Deleterious Effects of Frozen Milk on Baby Chicks and on the 
Marketability of Milk and Cream (W. H. E. Reid).-Definite volumes of 
cream varying in butterfat content from 10 to 50 per cent were placed in 2-
quart jars and frozen ata temperature of 0° F. for one hour to make a study 
of the effect of freezing upon the intensification of undesirable flavors present 
in the cream. The creams were then thawed by using water tempered to 60° F. 
When off flavors were added in known quantities to cream with variable 
fat contents, the intensification of off flavors upon freezing became less pro-
nounced as the butterfat content increased. It was believed that the property 
or constituent of the cream which tends to absorb and hold the off flavor is to 
be found in the serum. 
Cross sectional studies of these creams before thawing showed that the 
upper stratum contained higher percentages of butterfat and lower percent-
. ages of casein and sugar than did the lo~er strata of the frozen cream. 
A total of 13 common undesirable flavors such as might be found in milk 
at different seasons of the year were studied. These flavors were added to 
samples of milk, then frozen at 0°' F. ann thawed at 45,60,75, and 90° F. and 
scored to determine the intensity of the off flavors. Untreated samples were 
used as controls. In every instance the off flavor under study was most 
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pronounced in milk thawed at the lower temperatures, diminishing as the 
temperature increased and being least pronounced when the sample was 
thawed at gO°F. 
A study was made of the effect of the variable freezing temperatures and 
time of holding upon the cream line. Eight samples of milk were frozen at 
temperatures of 0,6, 10, 15,20,25, and 30° F. Two samples were held at 42° F. 
as controls. After thawing each series a temperature of 60° F., readings were 
made at intervals of 1,3, and 24 hours. The decrease in the length of cream 
line amounted to 43 per cent in the case of samples frozen for a period of 5 
hours at 0° F. The loss of cream line in per cent decreased as the freezing in 
the samples frozen at 30° F. At this temperature a loss of only 1 per cent 
resulted. As the temperature was lowered, the lower level of the cream lines be-
came more unev.en and irregular. The body of the cream line became very 
mottled in color, granular, porous, and broken. These undesirable qualities in 
every instance were more apparen t in the samples frozen for a period of five 
hours in comparison with the samples frozen for a period of three hours. 
ENTOMOLOGY 
L. HASEMAN, Chairman. 
A Study of the Life Cycle of the Codling Moth and the Best Time and 
Method of Applying Insecticides for Controlling It (L. Haseman, Neely 
Turner, K. C. Sullivan).-Analyses of calyx cups and tips of apples sprayed 
wi th differen t nozzles and pressures. of 100, 175, and 250 pounds were made. 
TABLE 9.-ANALYSES OF CALYX CUPS AND TIPS AFTER SPRAYING AT DIFFERENT 
PRESSURES (1924). 
Pressure Nozzle Sample cups Variety 
Grams As20, I:er calyx 
cup or tlP 
--_. 
250 Bordeaux 500 Gano 0.00019 
150 Bordeaux 275 Gano 0.0002328 
100 Bordeaux 270 Gano 0.000272 
250 Gun 500 Gano 0.0002188 
250 Gun 500 Winesap 0.000277 
100 Gun 500 Gano 0 .0000645 
150 Disc 380 Gano 0.00026 
100 Disc 300 Gano 0.000457 
Tips 
250 Bordeaux 25 Winesap 0.001629 
250 Bordeaux 25 Winesap 0.00461 
150 Bordeaux 50 Winesap 0.00152 
100 Bordeaux 50 Winesap 0;00194 
100 Bordeaux 50 Winesap 0.001628 
100 Bordeaux 50 Winesap 0.001338 
150 Gun 50 Gano . 0.001628 
150 Gun 50 Winesap 0.001897 
100 Gun 50 Winesap 0.00457 
250 Disc 50 Gano 0.001395 
250 Disc 50 Gano 0.00386 
250 Disc 50 Gano 0.001552 
250 Disc 50 Winesap 0~001289 
150 Disc 50 Winesap 0.00198 
100 Disc 50 Winesap 0.00419 
Checks 50 Winesap 0.0003783 
Checks 50 Winesap 0.0006984 
Checks 50 Winesap 0.0006325 
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The spray used was 1 pound dry arsenate of lead, 1Y. gallons commercial 
lime sulphur solution to 50 gallons of water. Table 9 shows the results of the 
test made in 1924. 
TABLE 1O.-AN_~LYSES OF CALYX CUPS AND TIPS AFTER SPRAYING AT DIFFERENT 
PRES SURES (1925). 
Nozzle Sample Variety 
Grams As20. per calyx 
Pressure cup or tip 
250 Bordeaux 50 tips Gano 0 .0002808 per t!P 
250 Bordeaux 50 tips Gano 0.0003555 per tiP 
175 Bordeaux 225 cups Gano 0.0000748 per cup 
100 Bordeaux 200 cups Gano 0.0000674 per cup 
250 Gun 50 t ips Gano 0.00002555 per tip 
175 Gun 250 cups Gano 0.0000245 per cup 
100 Gun 210 cups Gano 0.0000438 per c.up 
250 Disc 50 tips Gano 0.0001655 per tiP 
175 Disc 250 cups Gano 0.00005883 per cup 
100 Disc 200 cups Gano 0.00003524 per cup 
The Annual Life Cycle of the Hessian Fly in Missouri and Its Control 
(L. Haseman, K. C. Sullivan).-The regular series of outlying experimental 
plantings were made at Springfield, Cuba, Charleston, Columbia, and Mary-
v ille. Fly infestation was very light. A light sprinkle was recorded at 
Springfield and Maryville, though not enough to affect the yield of the wheat. 
There was an alarming increase of wheat joint worm in the plots south of 
the Missouri River. 
An Investigation of the Malarial Mosquito Plague in Missouri (L. Hase-
man, K. C.Sullivan) .-Considerable material has been added to the collection 
from different sections of the State. Few of the specimens added, however, 
have been malaria-carrying forms and it appears that the Anopheles mosquitoes 
.are on the decline. There is less malaria in Missouri now than ever before. 
This has been brought about by the permanent destruction of the breeding 
places of the Anopheles mosquitoes. 
An Investigation to Determine What Insects are Injurious to Nursery 
Stock in the State, Their Life Histories, Distribution, Injury, and Methods of 
Control (L. Haseman, K. C. Sullivan, Neely Turner, G. L. Davis).-The 
strawberry crown borer.-The strawberry crown borer has been causing an 
increasing amount of damage in various sections of the State. It is transferred 
from one field to another in the egg stage in the plants or as an adult on the 
plant. 
The first egg-laying in Southwest Missouri was about April 7. Plants from 
infested beds may be safely used until about April 12. The spread of this insect 
,can be readily checked by encouraging plan ting before this da teo 
Early spring foliage sprays are not justified since the over-wintering 
,adults cause very little damage. The feeding in the late summer and the fall 
months is heavy enough to encourage fall spraying. 
San Jose sea/e.-In 1923-24 San Jose Scale was found in twenty-eight 
nurseries in Missouri. In 1924-25 the number was reduced to fifteen. This 
'reduction was brought about by reinspection of the infested nurseries at 
,digging time. All infested stock was destroyed and the remainder either 
fumigated with hydrocyanic acid gas or dipped in a miscible oil solution. 
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During the past year anum ber of nurserymen have moved their plan tings 
away from commercial orchards which has resulted in the production of 
stock free from San Jose scale. 
With the exception of the crown borer on strawberries insect pests of 
nursery stock have caused less injury during the past year than ever before. 
Injurious Insect Pests of Melon and Related Crops (L. Haseman, K. C. 
Sullivan, E. T. Jones).-Experiments were carried on in the greenhouse, in 
two experimental plots on the Station grounds, and in two commercial melon 
fields near Columbia. The striped cucumber beetle and the melon louse were 
given most attention. 
Calcium cyanide, nicotine dust, nicotine dust and arsenate of lead, 
arsenate of lead and lime, calcium arsenate and gypsum; calcium arsena te and 
lime, gypsum alone, moth balls and naptholene flakes were tested for the 
control of the beetle. Nicotine dust and calcium cyanide flakes and dust were 
tested for the control of the aphis. 
In the beetle experiments the best results were secured with arsenicals 
mixed with gypsum and with lime. Nicotine dust, calcium cyanide and nap-
tholene all failed to give effective control. 
Nicotine dust was satisfactory in the melon louse experiments while cya-
nide failed. 
A stomach poison gave the most effective results for the striped cucumber 
beetle and nicotine as a spray or in dust form was best for the melon louse. 
An Investigation to Determine the Causes of the Periodical Recurrence 
of Insect Pests as Scourges. (L. Haseman, . K. C. Sullivan).-During the 
year observations have been made on the decline of the two major pests, 
Hessian fly and the chinch bug. Undoubtedly the precipitation has been an 
important factor in reducing these two pests. A sudden outbreak of the cut-
worm occurred in the spring. Grasshopper epidemics have been quite serious 
in Central Missouri, even with the prevailing abundance of winter and spring 
precipitation. . 
FIELD CROPS 
W. C. ETHERIDGE, Chairman 
Comparison of Soybeans and Cowpeas for Hay and Seed Production 
CW. C. Etheridge, C. A. Helm)-Two leading varieties of soybeans, Virginia 
and Morse, were compared in yields of seed and hay with two leading varieties 
of cowpeas, New Era and Whippoorwill. When the varieties were grown in 
rows 42 inches apart, soybeans yielded more than four times as much seed and 
more than twice as much hay as did cowpeas. When the varieties were sown 
with an 8-inch grain drill the yield of soybean hay was again more than double 
the yield of cowpea hay, and the yield on soybean seed was 23.2 bushels per 
acre while the cowpeas yielded less than 3 bushels. 
The results from the comparison of soybeans and cowpeas in yield are 
similar to those of the last six years. The question of the relative y~elds of 
these two crops under Missouri conditions seems settled. 
A Morphological Classification of the Varieties of Soybeans CW. C. 
Etheridge, C. A. Helm)-About 200 morphological types of soybeans have 
been distinguished from more than 800 samples of so-called varieties collected 
from the experiment stations and the seedsmen of the country. Colors of the 
bloom, testa, cotyledons, and pubescence of the stems and pods provide the 
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principal basis of the classification. Less important distinctions are size and 
form of seed, color pattern and polish of the testa, size and color of the hilum 
and color of the pods. An economic quality such as the length of growth per-
lod sometimes distinguishes an individual variety. For convenience in identi-
fication the classification will utilize, so far as possible, characters easily seen 
at maturity. The clear distinction of agronomic varieties rather than the 
arrangement of genetic relationships is the aim of the study. 
Cultural Experiments with Cotton Including: (a) Fertilizer Tests, (b) 
Spacing Tests, and (c) Variety Tests. (B. M. King).-Fertilizer Tests.-
Returns from sodium nitrate alone applied either at plan ting or as a side appli-
cation were not significan t in any case. In fact, the combination of 300 pounds 
acid phosphate, 50 pounds sodium nitrate, and 30 pounds potassium chloride 
or the combination of 300 pounds acid phosphate and 30 pounds potassium 
chloride were the only treatments that showed a consistent and significant 
increase in yield over that of the untreated plots. These increases ranged from 
30 to 90 pounds of lint cotton per acre, with an average gain of approximately 
40 pounds of lin t for all tests. On the basis of price received for cotton in 1924, 
this average increase in yield represents a return of about $5 per acre above 
the expense of the fertilizer. 
Spacing Tests-Tests were conducted on five of the leading soil types 
of the Southeast Missouri lowlands to determine the proper distance that 
cotton should be spaced on the various types. On the deep, sandy soils, two 
to four plants per hill with the hills 10 inches apart, gave the best results in 
every case. On the silt loam or silty clay loam soils that tend to produce 
tall, rank growing plants, equally as good yields were obtained on an average 
from single plants spaced 12 inches apart as from two to four plants in the 
hill with the hills 12 inches apart. The two wider spacings failed to give the 
highest yield in any of the tests. 
Variety Tes/s.-Six or more important cotton varieties were tested on 
each of seven fields representing five of the most important soil types in the 
Southeast Missouri lowlands. Of the varieties tested on every field, Trice, 
Delfos, Acala and Express showed the most consistently high yields. As a 
rule Tric;e and Delfos were superior on heavy soils, while Express and Acala 
gave the best results on the lighter soils. Large, late maturing varieties repre-
sented by Mebane, Wannamaker and Rowden were found to be inferior to 
the foregoing group of varieties under Missouri conditions. 
A Study of the Adaptation of the Important Varieties and Selections of 
Soybeans to the Various Soil Types of the State (L. J. Stadler).-Sixty-four 
pure line selections of Wilson Soybeans, each descended from a single plant 
selected in 1921, were tested for yield of forage in an accurate yield test under 
nursery conditions. The forage yield's of the pure lines ranged from 3771 to 
4659 pounds of cured hay (12% moisture) per acre. 
In similar test the seed yields of 64 pure lines of Midwest soybeans were 
determined. These varied in yield from 14.7 to 23.1 bushels per acre. 
A , detailed study of the morphological characters of the pure lines of 
Midwest soybeans was made and the correlation of 'various characters with 
plant yield was determined. A distinction was drawn between environmental 
correlation and germinal correlation. Only the germinal correlations are of 
value in selection. This study showed that although many characters were 
highly correlated with yielcl. as determined by the usual method, these corre-
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lations were almost entirely environmental. The only characters germinally 
correlated with yield to a significant extent were the following: 
Character Correlation Coefficient 
Number of nodes, main stalk ................................. 261 ± .083 
Diameter of stalk ..................................................... 272 ± .082 
Weigh t per 100 beans.. ...................................... - .355 ± .077 
The negative correlation of weight of seed with yield, if consistently 
found in repeated trials, may be of value in selection. 
A Genetic Analysis of Maize (L. J. Stadler).-Relatioe intensity in link-
age in male and female gametes:-Crossover percentages for the C-Sh and 
Sh-Wx regions in both male and female gametes were determined in 54 plants. 
of a full-sibship. There was no significant correlation between the crossover 
percentage in gametes of the two sexes in the same plant. The average per-
centages of crossovers in male and female gametes in this family were as 
follows: 
Region Male gametes Female gametes Difference 
C-Sh 3.42±0.08 2.34±0.05 1.08±0.09 
Sh-Wx 22.08±0.19 19.99±0.14 2.09±0.24 
C-Wx 25.19±0.19 22.29±0.14 2.90±0.24 
Thus crossovers were approximately 13 per cent more frequent in male 
gametes than in female gamett:s of the same plants. 
Such a variation in crossing over is not consistently associated with sex 
in maize. In two other families in which crossover percentages in male and 
female gametes were determined in a smaller number of plants a similar 
difference was found in one of the families while the crossover percentage was. 
approximately equal in male and female gametes in the other, and these re-
sults were obtained in both an early planting and a late planting of the two 
families. Since crossover variations analogous to those found in male and fe-
male gametes have been found also in different inflorescences of the same sex 
it would seem that the significant differences found in inflorescences of differ-
ent sex probably result from tht: different conditions under which their gametes 
are developed rather than from any constant difference in the mechanism of 
crossing over in the two sexes. . 
Fluctuation in crossing over within the individual plant.-Successive pollina-
tions were made from four plants at intervals of one or two days throughout 
the pollen shedding season. The results of repeated pollinations from these 
four plants agreed in indicating that: 
(1) There was no consistent increase or decrease in crossing over with 
age. 
(2) The fluctuations of the crossover percentage for the C-Sh region 
were not noticeably correlated with those of the crossover percentage for the 
Sh-Wx region. 
(3) Crossover percentages determined by pollinations from the tassels 
of transplanted tillers were not significantly different from those of other tas-
sels of the same plan t. 
(4) The fluctuations in crossover percentage were surprisingly small 
when their probable errors were considered. 
It was possible that differences in crossover percentage determined 
by successive pollinations from the same plant resulted wholly from error of 
sampling. 
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In female gametes, on the other hand, crossover percentages in main 
stalks and tillers differed widely and significantly. In the 21 plants which 
produced a back-crossed ear on both the main stalk and the first tiller, the 
crossover percentages were consistently higher in the tiller ears and the mean 
.difference was 2.70 ± 0.42. Whether this difference was due to age or to differ,-
ence in environmental conditions at a critical period could not be determined, 
but whatever the cause it was clear that crossing over was far more affected by 
·it in the female than in male gamete development. The crossover percentages 
in the tassels of the main stalk and of the first tiller did not differ significantly. 
A statistical study of the variability of crossing ooer.-The variability of 
crossing over in the development of male gametes was determined in 59 
plan ts of a full-si bship, grown under uniform condi tions, as follows: 
Region 
C-Sh 
Sh-Wx 
C-Wx 
Mean 
3.271±0.101 
22.115±0.263 
25 . 117 ± 0 . 265 
Standard deviation Coefficient of vari-
1. 148±0.071 
2.992±0.186 
3. 021± 0 .188 
bility 
35 .10±2.43 
13.53±0.85 
12.03 ±O. 76 
Similar determinations for the female gametes of 63 plants follow: 
Region 
C-Sh 
Sh-Wx 
C-Wx 
Mean 
2.321±0.082 
20.000±0.242 
22.156±0.264 
Standard deviation Coefficient of varia-
0.966±0.58 
2.851 ±0.171 
3.102±1.86 
bility 
21.62±2.91 
14.26±O.87 
14.00±O.86 
When due allowance was made for fluctuations of sampling, crossing over was 
found to be only moderatly variable. Crossover percentages determined for 
the short C-Sh region were much more variable than those for the long Sh-Wx 
region, probably because of the fact that the former were much more greatly 
:affected by fluctuations of sampling. Crossover variations in male gametes 
were correlated negatively to a slight extent with date of first pollen but were 
.not correlated with plant height, number of ears, or number of tillers. On the 
other hand, crossover variations in female gametes were not correlated with 
date of first polIen, but were correlated negatively with plant height, number 
of ears, and possibly number of tillers. . 
Inbreeding for economic improvement.-Strains of commercial varieties 
which have been continuously self-fertilized for from two to six generations 
were further inbred and their economic characteristics noted. Many crosses 
of these strains were made for a preliminary determination of the economic 
value of their hybrids. 
Wheat Breeding Investigations, Including the Improvement of Commer-
cial Varieties by (1) The Pure Line Method of Breeding, (2) Hybridization 
:and Subsequent Selection. (L. J. Stadler, R. T. Kirkpatrick).-Fifty pure 
line selections of the the leading varieties of wheat were compared in yield in 
a preliminary yield test. These were the most productive of 1000 plant selec-
tions made in 1920. The selections were closely studied in regard to various 
characters of economic importance, particularly resistance to loose smut. 
Susceptibility to this disease is the principal disadvantage of our best varieties, 
especially Michigan Wonder. A number of the pure lines have consistently 
. shown extremely low percentages of infection with loose smut during the 
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last three seasons. Some of the resistant strains which have given high yields 
were multiplied for more extensive trials. 
First generation hybrids of Michigan Wonder crossed with several 
varieties resistant to loose smut were grown in 1924, 
In breeding for resistance to loose smut an important source of difficulty 
was the measurement of resistance, since effective means of inoculating plants. 
for this disease have not vet been devised. Extensive trials have been made in 
the last two seasons in the attempt to develop methods of inoculation which 
will make it possible to determine accurately the resistance of strains of wheat 
to this disease. 
A Study of the Adaptations of the Important Varieties of Wheat for Mis-
souri Conditions (L. J. Stadl(!f,and R. T. Kirkpatrick) ,-Field test oj leading 
strains.-Ten Varieties of wheat which had in preliminary experiments been 
found most valuable for Missouri conditions were compared in yield in a 
field test in which each variety was grown in eight replicate plots 6 by 60 feet 
in size. The acre yields of the leading varieties were as follows: 
Michigan Wonder No.8 
Harvest Queen 
Michigan Wonder 
Poole 
21.5 bu. 
21. 0 " 
20.7 " 
19. 7 '~ 
Michigan Wonder No.8, a pure line selection made at this Experiment 
Station, has consistently demonstrated its superiority to the parent variety. 
The latter, however, was clearly the highest yielding variety of wheat in long 
continued wheat varietal experiments in central and southern Missouri. 
Comparative yields oj Fulcaster stocks.-'-During the past three sea.sons 
accurate yield comparisons of a number of commercial stocks of FuJcaster 
secured from experiment stations and seedsmen in different parts of the 
country have been made. All of the stocks tested were practically pure and 
true to the standard description of the variety. Forty-six stocks were tested 
in 1922, also 50 in 1923, and 11) in 1924. The extent of variation in yield among 
these stocks of the ;;ame variety was indicated by the yields of seven repre-
sentative stocks given below: 
TABLE 11.-COMPARATIVE YIELDS OF DIFFERENT COMMERCIAL STOCKS OF FULCASTER 
WHEAT 
Accession 
Yield per Acre 
number 1923 1924 1925 3 yr. average 
W161 29.9 26.4 17.4 24.6 
18 31.7 23.2 14.3 23.1 
298 30.7 18.8 11.8 20.4 
1415 23.1 15.5 16.8 18.5 
191 21.5 14.9 15.9 17.4 
194 23.1 13.7 13.5 16.8 
1426 17.8 9.0 16.0 14.3 
Correspondi.ng trials of Poole arid Red May wheat have given similar 
results. The variation within each of these varieties was far gr,eater than the 
variation between the average yields of the three varieties. 
These data indicated that the results of a variety test were largely depen-
dent upon the stocks which happened to be chosen as representative of the 
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~arieties tested. General varietal recommendations therefore may frequently 
be in error because the stock included in the variety test does not fairly repre-
sent the variety to which the conclusions are applied. The results of the va-
riety test may properly be applied only to the strains actually tested. In 
plant improvement it is not safe to confine attention to the varieties recom-
mended · as the resul ts of variety tests. It is desirable to main tain a con tinual 
strain test in which as many different stocks as possible, regardless of their 
varietal classification, may be tested, new stocks being introduced' cons tan tly 
.as old ones are eliminated. 
A Study of the Cultural Requirements and Adaptation of Grain Sorghum 
{W. C. Etheridge, C. A. Helm).-At Stark City, on Hagerstown silt loam 
.soil, Sunrise kafir in a rotation with soybeans, wheat, and clover, yielded 
18.2 bushels of grain per acre. Wheat in this rotation received 200 pounds of 
.acid phosphate per acre, but no other crops were fertilized or manured. In 
.an adjacent series of plots the acre yield of corn in a rotation with oats, 'wheat, 
and clover, was 23.7 bushels of grain . In this rotation also the wheat received 
200 pounds of acid phosphate per acre, and the clover 6 tons of manure. 
At Cuba, on Labanon silt and gravelly loam soil, Sunrise kafir in a rota-
tion with wheat and clover, yielded 19.8 bushels of grain per acre where 6 
tons of manure per acre had been applied to the clover crop preceding the 
kafir, but only 13.1 bushels per acre where the clover (;rop hadbeen untreated. 
In a rotation with soybeans, wheat, orchard grass and clover, the kafir 
yielded 23.3 bushels of grain to the acre from an application of 6 tons of manure 
to the clover sod, but only 10.3 bushels where no manure had been used. 
Cultural Experiments with Spring Barley (W. C. Etheridge, C. A. 
Helm).-Yields of spring barley were compared with yields of oats at Colum-
bia. Under the most intensive treatment the yields of the two crops in 
pounds of grain per acre were approximately equal, but under ordinary treat-
ments oats gave larger returns than barley. The results are shown in Table 12. 
TABLJi: 12.-YIELDS OF BARLEY AND OATS IN POUNDS OF GRAIN PER ACRE 
Seedbed double-disked 
Seedbed spring plowed and 
double-disked 
Grain 
200 lbs. 16% 2001bs. 16% 
acid phosphate acid phosphate 
No fertilizer per acre No fertilizer per acre 
Oats (Fulghum) __ 975 1383 951 1197 
Barley (Oder-
739 bruckerl _____ 662 955 1180 
A Study of the Important Varieties of Oats for Missouri Conditions 
(L J. Stadler, R. T. Kirkpatrick).-The season of 1924 was the sixth season 
in which Fulghum oats have been tested at the Missouri Experiment Station. 
During this six-year period they clearly demonstrated their superiority to the 
older varieties of oats formerly recommended. The results of experiments 
with Fulghum oats during this six year period, including. tests of yield, smut 
resistance, relation to time of seeding, and the value of different commercial 
stocks of the variety, were published in Bulletin 229, "Fulghum Oats for 
Missouri. " 
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In the varietal yield tests of 1924 the leading strain was Missouri 01375,. 
a selection made from a commercial stock of Fulghum in 1920. Comparative 
yields of the leading strains were as follows: 
01375 Fulghum ... .. ...... ............. ... .... .. .. .... .... .... .. ...... ...... ..... .46.1 
099 Kherson ........ ......... ..... .............. ...... ... ...... ...... ... .... ........ 42.3 
0952 Kherson ..... ...... .......... ............. .. .... .. .. ..... .. .... ..... .... ..... ... 42.2 
0954 BurL ...... ... ...... ........ . ...... ........ .. .... ............. .... ............. 40.8 
0953 Kherson............ ............ ..... .... ..... .. . . . .... ... . ..... .. ........ 39.6 
035 Green Russian ........ .... ........ ....... .... .... ... .. .. .. .... ... .. ... .... 39.2 
015 Burt ......... .. ..... ......... .... ......... .. ...... .. .. .. ........ .. ... ... ........ .. ... 38.3 
0124 Fulghum .... .. ... ........... .. .... ........ ....... ........... ....... ... ....... 38.2 
The selection 01375, although derived from a commercial stock of Ful-
ghum, differs ·distinctly from Fulghum in general characteristics. This selec-
tion has given very promising results in the tests of the two preceding seasons: 
and appears to be the most promising of the selections which have thus far 
been made from Fulghum oats at this Station. 
Cultural Experiments with Soybeans, Including (1) Time of Seeding, 
(2) Method of Seeding, (3) Rate of Seeding CW. C. Etheridge, C. A. Helm).-
When two leading varieties of soybeans, Wilson and Midwest, representing 
widely different types, were sown for hay, at rates ranging from 40 to 120 
pounds of seed per acre, the lower rates were found the most economical,. 
since there was no important variation in yield. The results are expressed in 
the following table: 
TABLE l3.-YIELDS IN TONS OF CURED SOYBEAN HAY PER ACRE 
Varieties 
Wilson 
Midwest 
Wilson 
Midwest 
Wilson 
Midwest 
Wilson 
Midwest 
Wilson 
Midwest 
Wilson 
Midwest 
Pounds of seed sown per 
acre 
40 
40 
60 
60 
75 
75 
90 
90 
105 
105 
120 
120 
Tons of cured hay 
1.8 
1.7 
1.8 
1.7 
1.9 
1.7 
1.9 
1.6 
1.8 
1.7 
2.0 
1.8 
Although the yield was not materially affected by the changes in the rate 
of seeding, as the data show, the proportion of weeds, especially crab grass, 
decreased in the crop,. and therefore the quality of the hay increased, with the 
heavier rates of seeding. 
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HORTICULTURE 
T. J. TALBERT, Chairman 
Cabbage Seed Selection for Disease Resistance (J. T. Quinn) .-When 
land once becomes infected with Fusarium Conglutinans, the growing of the 
common commercial early varieties of cabbage will be 'attended with great 
loss. ' 
During the year 1924 the losses were much less than in 1923. This was 
probably due to the fact that the plants were set Ollt earlier than usual and 
that most of the growing season was fairly cool. 
Relatively high soil temperatures favor the growth of the causal organism; 
therefore, when cabbage is to be planted on infected soil, very early plantings 
may materially reduce the loss. 
Treatment of Al?ple Canker Diseases CH. G. Swartwout).-The study 
of white lead linseed oil paint, sodium silicate (water-glass), tanglefoot and a 
modified grafting wax as coverings for pruning wounds and cleaned blister 
canker infections on apple trees has been continued. Tanglefoot has been the 
most effective of the materials used in keeping the wounds thoroughly covered. 
No material or treatment has been found which will stop the development of 
blister canker in infected trees. The disease has reappeared after two years 
in practically all canker infections treated. 
Orchard and Strawberry Nutrition (H. D. Hooker and R G. Swart-
wout).-Fertilizer and pruning experiments with five-year-old J onathans 
showed that nitrogen is translocated in the spring from the older wood to the 
tips of the shoots. Spring applications of nitrate of soda increased the nitrogen 
content of the shoot tips and slightly decreased the nitrogen in the middle of 
the one-year-old wood. Heading increased carbohydrate consumption and 
thinning conserved the nitrogen and carbohydrate supplies of the tree. Head-
ing back the leader diverted the nitrogen to improved laterals. 
A study of the spur record of York trees in regular and alternate bearing 
showed that biennially bearing trees were deficient in carbohydrate the on 
year and in nitrogen the off year. Fall applications of nitrogen fertilizers had 
some effect in overcoming these deficiencies. 
Investigations have been made of the relative fruitfulness of different 
kinds of grape-buds and buds in different positions of the following varieties: 
Concord, Moore, Word'en, Wyoming, Catawba, Niagara, Diamond, Elta, 
Elvira, and Missouri Riesling. Buds on the upper canes of vines trained to the 
four-cane Kniffin system were found to be more productive than buds at 
corresponding nodes on the lower canes. Lateral canes (secondary growth) 
when well developed produced more fruit per shoot than canes from older 
wood. Canes from wood three, four and five years of age were more produc.,. 
tive than canes from wood two years of age, but there was a slight tendency 
toward lessened production where the age of the wood from which the canes 
arose was more than five years . All varieties except Elta produced more 
fruit on shoots at nodes where moderate-sized laterals (s!'!condary growths) 
had been produced the year before than on shoots at nodes where no lateral 
or only weak laterals had been produced. Buds at the two basal nodes of all 
primary canes were relatively unproductive, production increasing progres-
sively toward the tips of the canes to a region of maximum production vary-
ing with the variety from the region of nodes 5 and 6 to nodes 9 and 10. Canes 
between ~and ?i inch in diameter measured between the 3 and 4 nodes from 
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th e hase were founc! to he th e optimum size for ma ximulll prod uction. Th e 
size of th e clus te rs and numher o f cluste rs per shoo t v ari t:d with total pro-
duction in all cases except at nod es where latera ls had bee ll produced . fT ere 
g rea ter producti o ll was due a lmo~t entirel,' to a ll in c rca sc in th e size of th e 
c lu sters. 
Adv entitiou s hlltl s at th e ha ses of "I nt's prodll ced less frllit and small er 
clu s ters than nod e hllcl s on can '5. The perce ntage of a normal crop produ ced 
br vines pr un ed to th e T niffin s ~ ' stell1 hut in such a wa,' as to lea l'e on ly adven-
titious hud s vari ed with varieties; three di s till c t g roups hein g recogni l.ed: 
Elta, Elvira, and Misso uri Ri e~ lin g were hi g hl)' productil'c , apprn;1ching a 
full crop . Moore, COllcord and Worden wcre cO Il1]1 ill'aril' c l,' unproduc ti ve; 
and N iaga ra , Diamond and Cataw ba wcrc intcrm cdiHc with illl c tU<ltillllS fro m 
yea r to ~ ' ea r . Shoots from adv entitious bud s on o ld wood rare l~' bo re fruit . 
Fig. 10.- lus ter of grapes borne on va"; ou. types of fruiting aneo: pper lef t, 
ordi nar y nnes. Upper right, lat I'al canes. ente r, spur wood. Lower le ft, ca ll es {rom 
old wood. Lower right, shoo to fr om old wood. 
Tomato Seed Selection for Disease Resistan ce (J. T. uinn).- Forty-
two difFerent selec tion s of strain s ancl varieties of tomatoes, which had pre-
viously shown marked resistance to the tomato wilt (Fusarium lycopersici) 
were tested. Missouri se lec ti ons o f the M arvd and orton varieties have 
s hown the most resis tance of the varieties tested. Of a number of commercial 
varieties gr wn on wi lt-infected land , the Bonn y Best was th e most susce ptible. 
Nu trition and Plant Response of Vegetables (J . T. Quinn).- ost of the 
work on this project for the year 1924 was with th e swee t po ato. The follow-
ing re ults were obtained: The application of commercial fertilizers did not 
materially increase the yie ld per acre of weet potatoes. 0 difference in vine 
growth was noted where the different forms of fertilizer were used. hemical 
analyses made of the sweet potato indicated that th e starch and sugar content 
of the sweet potato may be affected by the use of difFeren t ferti lize rs. varietal 
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variation for total sugars and starch was noted in the Nancy Hall and Yellow 
Jersey varieties. Commercial fertilizers in no way seemed to affect the keeping 
qualities of the sweet potato in storage. Further experiments indicated that 
phosphorus was a primary limiting factor in the production of Irish potatoes 
and tomatoes . . 
Investigations to Determine the Fertilizer Requirements, Varieties, 
Cultural Methods, and Seed "Place Effect" of the Watennelon and Cante-
loupe (J. T. Quinn).-In 1923 this work was conducted in Dunklin County, 
but in 1924 was conducted at Columbia on a Putnam silt loam. The Pollock 
10-25 continued to be one of the best varieties tested. The drilling of cante-
aloupe seed and thinning to one foot in the row might possibly reduce the num-
ber of "Jumbo" melons on soils of high fertility. Barnyard manure applied at 
the rate of five tons per acre gave approximately the same yields as did a 
3-12-4 fertilizer at the rate of 500 pounds per acre. 
Investigations with Seed Potatoes (T. J. Talbert and J. T. Quinn).-
Certified northern grown seed continued to produce more profitable returns 
than non-certified northern seed. Fall home grown potatues, used as seed, 
produced within a few bushels of the the northern grown seed. 
Differences as high as 85 bushels per acre were obtained from different 
strains of the same variety ofIrish potatoes from four·differen t northern sta tes. 
Potatoes planted on different datesfrom March 20 to May 10 showed that 
early planting was one of the principal factors in Irish potato production. 
The hot formaldehyde seed treatment-one pint of commercial formal-
dehyde to fifteen gallons of water heated to 122° to 124°F.-continued for 
four minutes gave the best control for rhizoctonia, blackleg, and common scab. 
Identification and Study of Factors Determining Hardiness and Methods 
of Increasing It (H. D. Hooker).-During the past year the fermentation of 
pentose sugars by yeast has been studied. The conditions under which pen-
tose sugars are readily fermented have been determined and also conditions 
that permit the fermentation of hexoses but not of pentoses. This new infor-
mation will permit the accurate determination'of the pentose and pentosan 
content of plant tissues. . 
Investigation of the Factors Limiting the Production of Sweet Cherries 
in Missouri (T. J. Talbert and A. E. Murneek),-Yield and growth records 
of the sweet cherry trees in the University orchard have been continued. 
Young trees are being propagated and grown from scions secured from sweet 
cherry trees which have produced regularly and profitably under Missouri 
conditions and in other states. Some of the best and hardiest sweet cherries 
to be found are now growing in the experimental orchards, 
Breeding Apples for Late Blooming Habit (A. E. Murneek).-Complete 
records were taken on all seedlings this spring and again during the summer. 
These include not only the comparative time of flowering and setting of 
fruit, but also character of growth, vigor and disease resistance. Striking 
differences in susceptibility to fire blight were noted. A large number of those 
blooming late were entirely free from fire blight this season. A number of the 
seedlings possess in a large measure the desirable qualities sought for in this 
work. Detailed description of the fruit of 93 seedlings was secured in the fall 
of 1924 .. 
Peach Breeding for Hardy Sorts (A. E. Murneek).-The severe win ter of 
1924-25 killed practically every fruit bud on all the second generation seedlings. 
A few scattered blossoms. were found, however, on most of the trees. Complete 
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flowering was secured from these. Hardier peach trees than the ones used in 
these crosses must be secured for further breeding work. An extended search 
for these materials is being made. 
An Investigation of Sprays and Spraying Materials (T. J. Talbert, H . D. 
Hooker) and H. G. Swartwout).-Studies along the following lines have been 
continued: (1) The preparation, mixing and application of spraying materials; 
(2) the determination of the physical properties and chemical composition 
of sprays; (3) the effect of sprays in different concentrations and combinations 
applied throughout the growing and dormant season on deciduous fruit trees. 
Colloidal copper hydroxide preparations have been developed and tested 
as fungicides on the apple, peach and cherry. Extended observations and 
tests have been made with the Missouri cold-mix lubricating oil emulsions 
developed at this Station. Three years work has shown these emulsions to be 
less expensive, easier to prepare, and more stable than the boiled oil soap 
emulsions. They were also compatible with any of the standard spray mix-
tures. 
Lubricating oil emulsions were not injurious to dormant deciduous 
fruit trees when the concentration of the oil was below 5 per cent. Combina-
tions of both the cold-mix and the boiled oil emulsions have been used in con-
centrations of 1 and 2 per cent with lime-sulphur arsenate of lead and bor-
deaux-arsenate of lead on the apple from the time of the appearance of the 
leaves in the buds up to the blooming period without material injury to fruit 
buds or leaves. 
Results obtained from these combian tion sprays indicated that the grower 
may wait until the pre-cluster bud or cluster bud period when the combina-
tion spray may be applied for the con trol of all the insects and fungous dis-
eases injurious to the fruit and foliage of the apple. The principal pests to 
be combatted at that time are San Jose scale, aphids, curculio, canker worm, 
apple scab, and black rot lea.f spot. 
In general, a 2 per cent oil spray in combination with lime-sulphur and 
arsenate of lead and bordeaux and arsenate of lead summer sprays has caused 
too much injury to the fruit and foliage of the tree when applied at the calyx 
period or at any of the times for applications following the calyx period. One 
per cent oil emulsions have been used, however, ·without serious injury, ex-
cept at the calyx period, when Grimes and King David particularly were 
seriously injured. 
The method of making bordeaux has no effect on the amount of burning 
on foliage or fruit. Severe burning often followed applications of 3-4-50 bor-
deaux when applied 10 to 14 days after the calyx spray. Bordeaux sprays also 
tended to inhibit the growth of the leaves and fruit of the apple. 
Experimental tests and obesrvations with dry lime-sulphur have shown 
the following: To control insect pests and fungous diseases, it was necessary 
to use the maximum and in some cases one-fourth to one-half more than the 
amount 'usually recommended by the manufacturers in order to secure as 
good results as are ordinarily obtained by using the lime-sulphur solution at the 
recommended strength. Wheri the dry product was so used the cost of the 
resulting spraying mixture was correspondingly increased. When sufficient 
amounts of the dry product were used during the summer, the control of the 
scab fungus was practically as good as when the lime-sulphur was used. The 
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cost of the dry lime-sulphur was, however, from 50 to 75 per cent greater than 
the lime-sulphur solution. 
The Home Orchard: Costs and Returns (T. J. Talbert).- A small yet 
adequate home orchard (three-fourths acre) was profitable. This conclusion 
was reached after a careful consideration of the returns and actual cost, in-
cluding labor and materials, required in developing and maintaining. A small 
fruit garden (50 by 50 feet) also demonstrated its worth. 
Walnut Grafting Investigation (T. J. Talbert).-Additional plantings 
including new varieties of the black walnu t, pecan and hickory have been made. 
Investigations of various methods of grafting and budding have been extend-
ed and continued in an effort to find more successful methods of propagating 
the pecan and hickory. On the pecan and hickory it was found that patch, 
ring, and spur budding in general gave better results than cleft of whip graft. 
Ing. 
Seedling black walnuts were very successfully topworked or cleft grafted 
to named varieties such as Thomas, Stabler, Ohio, Tucker, Miller and Ten 
Eyck. Trees ranging in age from four to five years up to 40 or 50 years were 
not found difficult to top-work. This was especially true where the grafting 
operations were confined to branches of not more than 8 to 12 inches in diame-
ter. In four or five years after top-working, grafted trees developed about as 
much top and yielded practically as many nuts as unworked trees of about the 
same age and under similar cultural treatment. 
HOME ECONOMICS 
SARAH HELEN BRIDGE, Chairman 
The Causes of Vitamin Destruction in Cooked and Canned Foods 
(Hannah A. Stillman).-Oxidation as a cause of vitamin C destruction was 
studied. Male guinea pigs weighing 150 to 200 grams were fed on a·ration 
consisting of oats, freshly ground, 59 per cent; dried skim milk, heated, 30 
per cent; butter fat, washed, 10 per cent; NaCl1 per cent. In addition to this 
ration they received tomato juice, which is a rich source of vitamin, prepared 
in three different ways: 
1. 7cc. normal NaOH was added to 100 cc. of juice, and then the juice 
was shaken with an equal volume of H 2S gas. The treated juice was then 
heated in glass top fruit jars. 
2.7 cc. normal NaOH was added to 100 cc. of juice, and the treated 
juice heated. 
3. The natural juice was heated as in the two previous samples. 
The samples were allowed to stand at room temperature for one week 
and then retreated as follows: 
1. 7 c.c. normal HCl was added and the juice boiled vigorously five 
minutes to expel the H 2S. 
2. 7 c.c. normal HCl was added and the juice heated to boiling. 
3. Was not opened. . . 
The acidity of the natural juice was pH 4.35. The amount of NaOH used 
was sufficient to bring the reaction to about pH 9.0. The finished material 
was usually slightly more acid than the natural juice, the pH being from 3.5 
to 4.3. 
A number of the animals died of pneumonia. The data indicated that the 
alkali treated juice was inferior to the other two, and that H 2S protected the 
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vitamin from the destructive effect of alkali . It was impossible to determine 
definitely whether the H 2S treated juice was superior to the heated juice or 
not. When oxidation was prevented, heat and alkali seemed to have little 
effect. 
Exhausting cans and using minimum head space should tend to preserve 
vitamin C. The use of the pressure cooker and deep covered dishes in cooking 
should tend to preserve vitamin C, when the physical structure of the plant 
is broken down so that oxygen is not retained in the tissues. 
Investigation of Baking Qualities of Missouri Flour (Laurel Davis, 
Jessie Alice Cline).-The experimental work of this project has dealt with 
two main problems: (1) The use of Missouri soft winter wheat flour in yeast 
breadmaking; and (2) The use of Missouri soft winter wheat flour as an all 
. purpose flour. 
Excellent bread, comparable in quality to that made from the 'flour of 
o.ther states, was made from each of the seventeen brands of Missouri soft 
winter wheat flour tested. In general, this flour required more sugar, more 
yeast, less shortening, a standard amount of salt, less water, and a compara-
tively softer dough. Less mixing and kneading and a shorter fermentation 
period, as well as a shorter baking period at a lower initial temperature were 
also required. . 
The Missouri flour gave the best results by the straight dough process 
with the following procedure: (1) A preliminary fermentation test or period 
in which the sugar, yeast, and part of the liquid were allowed to stand thirty 
minutes; (2) A mixing period of ten to fifteen minutes; (3) A fermentation 
period of sufficient length to allow the dough to double its volume (about 40 
or 50 minutes); (4) A gentle kneading and moulding period of about four 
minutes per'pound loaf; (5) A proofing period of sufficient length to allow the 
dough to treble its bulk in the pan; (6) A baking period of thirty-five minutes, 
during the first ten minutes of which the temperature is maintained at 350· F. 
and th'e last twenty-five minutes of which the temperature is increased to 
410· to 420· F. The entire process requires only three hours. 
The proportions which gave the best results are: 
FlouL ........................•...... 325 grams .......... 3~ cups (sifted) 
Water ................................ 169 grams .......... ~ to % cups 
Sugar ......... "...................... 17.2 grams._ ....... 4 teaspoon 
Yeast (Compressed) ........ 14 grams .......... 1 cake 
Lard.................................. 6.5 grams .......... 1 teaspoon 
Salt.................................... 5.0 grams .......... 1 teaspoon 
The second problem dealt with, namely, the use of Missouri flour as an 
all-purpose flour, has .included the collection, testing, and modification, for 
use with .Missouri soft wheat flour, of numerous recipes in common use for 
plain and fancy yeast breads, quick breads, cakes and pastry. This work has 
shown in every instance that an excellent quality of products could be made 
with Missouri flour, with very slight changes in some cases and with no changes 
in others. Missouri flour should be known and used as an all-purpose flour. 
POULTRY HUSBANDRY 
H. L. KEMPSTER, Chairman 
Rate of Growth of Chicks Under Normal Conditions (M. A. Seaton).-
Table 14 shows the growth of v.arious breeds of poultry !iuring the season 
TABLE 14.-AVERAGE WEIGHT OF CmCKS IN POUNDS AT VARIOUS AGES 
R. I. Reds Buff Rocks White Rocks Barred Rocks R. I. Whites Anconas 
Age in Weeks 
Ckls. PuIs. Ckls. PuIs. Ckls. PuIs. Ckls. PuIs. Ckis. PuIs. Ckls. PuIs. 
---------------------------
------
0 0.078 0.078 0.092 0.092 0.074 0.074 0.082 0.082 0.079 0.079 0.078 0.078 
1 0.110 0.110 0.143 0.143 0.115 0.115 0.137 0.121 0.132 0.132 0.110 0.110 
2 0.158 0 .143 0.210 0.209 0.165 0.158 0.198 0.168 0.209 0.187 0.163 0.163 
3 0.197 0.177 0.352 0.314 0.231 0.230 0 .277 0.264 0 .275 0.258 0.192 0.198 
4 0.246 0.222 0.429 0.410 0.330 0.308 0.400 0.374 0.401 0.336 0.270 0.277 
5 0.308 0.277 0.608 0.463 0.386 0.371 0.528 0.471 0.473 0.432 0.401 0.381 
6 0.407 0.370 0.690 0.649 0.540 0.467 0.651 0.578 0.694 0.595 0.528 0.483 
7 0.576 0.503 0.968 0.880 0.682 0.586 0.850 0.740 0.860 0.716 0.651 0.596 
8 0.749 0.665 1.21 1.06 0.838 0.738 1.01 0.942 1.10 0.946 0.796 0.737 
9 0.935 0.830 1.50 1.33 1.03 0.862 1.28 1.09 1.33 1.170 0.924 0.812 
10 1.19 1.05 1. 81 1.39 1.24 1.06 1.72 1.44 1.63 1.36 1.10 0.951 
11 1.46 1.32 1.78 1.59 1.46 1.21 1.81 1.56 1. 81 1.44 1.20 1.06 
12 1. 70 1.45 2.05 1.82 1.43 1.36 2.09 1.55 2.09 1.68 1.35 1.25 
13 2.00 1.63 2.75 2.12 1. 85 1.52 2.27 1.92 2.42 1.91 1.57 1.35 
14 2.31 1.91 2.95 2.26 1.89 1.69 2.47 2.09 2.86 2.14 1.76 1.45 
15 2.55 2.07 3.07 2.27 2.11 1.90 2.84 2.21 3.19 2.37 1.96 1.61 
16 2.90 2.31 3.25 2.42 2.55 2.12 3.06 2.42 3.52 2.55 2.09 1.66 
17 3.13 2.59 3 .57 2.64 3.01 2.25 3.36 2.84 3.81 2.66 2.05 1.70 
18 
----- -----
3.64 2.78 3.36 2.47 3.54 2.84 4.05 2.83 2.44 1.9{) 
19 
----- ---""'- 3.97 2.84 3.74 2.71 3.90 2.97 4.39 2.99 2.77 2.15 
20 
----- -----
4.35 3.30 3.90 2.87 4.30 3.26 4.53 3.16 2.95 2.31 
21 
----- -----
4.67 3.19 4.37 3.09 4.82 3.46 4.65 3.27 
----- -----
22 
----- -----
5.06 3.88 4.40 3.08 5.00 3.67 5.05 3.50 
---- -----
23 
----- -----
5.75 3.95 4.62 3.85 5.46 3.85 5.20 3.69 
---- - -----
24 5.76 4.08 5.39 4.23 5.61 3.91 5.46 3.83 
-----
28 
-----
4.40 
-----
4.88 
-----
4.63 
-----
4.68 
-----
4.66 
-----
2.93 
36 
-----
5.28 
-----
5.50 
-----
5.50 
-----
5.34 
-----
5.10 
-----
3.05 
40 
-----
5.69 
----- -----
5.90 
----- ----- --- --
3.36 
48 
----- ----- -----
6.36 
----- ----- -----
6.36 
-----
5.50 
----- -----
-
White Leghorn S 
Ckls. PuIs. 
------
0.072 0.072 
0.102 O. [02 
0.145 0.137 
0.198 0.181 
0.235 0.220 
0.275 0.268 
0.396 0.321 
0.606 0.430 
0.632 0.529 
0.737 0.627 
0.898 0.748 
1.04 0.880 
1.23 0.920 
1.40 1.15 
1.59 1.30 
1.83 1.46 
1.97 1.59 
2;20 1.70 
2 .37 1. 83 
2.60 1.94 
2.73 2.09 
----- ---- -
----- -----
----- -----
-----
---- -
3.09 
-----
3.45 
----- -----
----- -----
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1924. The data for White Leghorns and Anconas are believed to be a little be-
low normal due to the fact that they were not hatched at as favorable growing 
period as were the heavier breeds. 
Value of Sour Milk, Beef Scrap, Cottonseed Meal, Gluten Meal and Oil 
Meal in Rations for Egg Production (H. L. Kempster).- The foIJowing pro-
tein concentrates were fed to White Leghorn hens that had passed through at 
least one laying season: cottonseed meal, soybean meal, tankage, meat scrap, 
fish meal, and dried buttermilk. The cottonseed and soybean meal mashes 
were compared to similar mixtures containing a mineral mixture. The' mineral 
supplement consisted of 4 pounds steam bonemeal and 1 pound salt; oyster 
shell and soft limestone rock was available to all pens. The basal mash con-
sisted of equal parts of bran shorts, and cornmeal. The remainder of the 
ration was a mixture of2 pounds of corn and 1 of oats, commonly called scratch 
food. Table 15 shows the results from November 1, 1923 to October 31, 1924. 
TABLE 15.-EFFECT OF VARIOUS PROTEIN CONCENTRATES ON EGG PRODUCTION 
Grain per hen I Mash per hen Feed (lbs.) to 
Peri No. and per year per yeaI' Aver. egg produce 1 lb. 
Ration (lbs.) (lbs.) production of eggs 
1. Cottonseed 
meaI30% _____ 50 21 67.4 8.35 
2. Cottonseed 
meal 30% 
Mineral Mix-
ture 4% ______ 55 15 116.9 4.8 
.3. Soybean meal 30 % _________ 
4. Soybean meal 
55 17 69.9 8.27 
30% 
Mineral Mix-
ture4% ______ 50 21 121.0 4.73 
5. Tankage 20%_ 54 20 109.0 5.47 
-6. Meat scrap 20%. __ _______ 56 20 107.0 5.67 
7. Fish meal 20% 
S. Dried butter-
53 ·20 110.6 S.lS 
milk30% _____ , 56 24 128.5 5.0 
Time of Hatching in Relation to Egg Production (H. L. Kempster).-
Data on 1100 White Leghorn hens covering a period of seven years showed 
that the best hatching date measured by the number of winter eggs and annual 
egg yield for the first laying season was from April 1 to April 15th. 
There was a slight correl:ttion between early hatching and summer egg 
production, indicating that February and March birds were able to maintain 
production longer than those hatched late. There was little disadvantage in 
early hatching, even with Leghorns. Only birds sufficiently matured and that 
showed signs of being profitable producers were retained as layers. A much 
smaller proportion was retained of those that hatched late than those that 
hatched earlier. The average hatching date was April 8. 
Relation of Time Laying Starts to Future Production (H. L. Kempster).-
Data on 1100 White Leghorn pullets over a period of years from 1917 to 1923 
is given in Table 17. 
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TABLE 16.-EFFECTOF TIME OF HATCHING ON EGG PRODUCTION 
Month Winter Spring Summer Total Nov. 
hatched No. Fall eggs eggs eggs eggs 1 to Oct, 31 
February __ 148 15.5 28 .5 71.1 44.1 143.8 
March ____ 324 7.0 31.2 69.6 43.9 144.7 ApriL _____ 346 1.2 37.8 n.8 43.3 15'3.9 
May ______ 260 
-----
29.5 71.6 43.7 144 .8 
June- - ---- 44 ----"- 26.7 n.l 43.7 142 .5 
TABLE 17.-EFFECT OF TIME LAYING STARTS ON FUTURE PRODUCTION 
Time started Eggs before Total for 
to lay No. Per cent Nov. 1 Winter eggs year 
Jul y 15-31. ___ 13 1.17 41.0 29.7 150.3 
Aug. 1-1 5 ____ 30 2.7 39.9 26 .8 150 .7 
Aug. 16-31 ___ 32 2.88 27.0 32.0 160. 8 
Sept. 1-15 ____ 51 4.6 19.4 32.17 159.7 
Sept. 15-30. __ 29 2.6 18.0 31.3 157 .2 
Oct. 1-15 _____ 57 5.13 11.0 33.5 157.6 
Oct. 16-31. ___ 86 7.74 3.7 36.8 158.0 
Nov. 1-15 ____ 151 13.6 
-- --
42.9 160.2 
Nov. 16-30 ___ 137 12.3 
- - --
37.8 146 .0 
Dec. 1 ~ 15 _____ 143 12.9 
-- --
35.3 151.1 
Dec. 16-31. ___ 132 11.9 
----
29.8 146 .2 
Jan. 1-15 . _____ 113 10.1 
----
24.1 137.9 
Jan. 16-31. ___ 78 7.0 -_ .. - 15.1 125.3 
Feb. 1-14 _____ 35 3.15 
----
8.7 107.5 
Feb. 15-28 ____ 12 1.08 
- - --
5.5 96 .7 
Mar. 1-15 ____ 10 0.9 
----
I 
-- --
91.7 
The best date for winter and annual egg production to have pullets start 
laying was approximately November 1. The average date at which laying 
:started was November 27. Approximately 27 per cent started laying before 
November 1, while 22.5 per cent did not start until after January 1. The 
standard deviation from date of maturity as indicated by date of laying first 
,egg was 47.5 days. It is evident that the mean hatching date should be ad-
vanced. This would bringa larger proportion in to laying before November 1. 
Correlation of Sexual Maturity to Annual Egg Production CR. L. Kemp-
ster) .-Data on 1100 White Leghorn pullets over a period of six years showed 
that the shorter the time required to mature, the better the production . 
Quick maturing pullets were superior egg producers. Quick maturing birds 
made the best winter egg records. There was a slight negative correlation 
between rate of sexual maturity and spring egg production. There was less 
variability in spring production than for the winter or summer period. There 
was ,a slight negative correlation between rate of sexual maturity and summer 
egg production. There was no correlation between rate of sexual maturity 
:and rate of laying as measured by the best month's production or best two 
month's production. Late hatching tended to reduce the age at which the 
nrst egg was laid. 
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RURAL LIFE 
O. R. JOHNSON, Chairman 
Cost of Producing Farm Products Under Farm Conditions (0. R. J ohn-
son, B. H. Frame).-Data have been gathered on the cost of producing farm 
products in Missouri for the past 15 years. Production factors have been 
worked out and the costs of producing farm crops have been computed from 
these factors. Table 18 shows the acre cost of producing corn, wheat, and oats 
respectively, in Missouri for 1924. Table 19 shows the cost of making silage 
in Missouri in 1924 as computed from cost factors from data gathered in 
1918-19. 
TABLE 18.-CoST OF PRODUCING ONE ACRE OF CORN, WHEAT, AND OATS INMISSOURJ 
FOR 1924 
Corn Wheat Oats 
Man labor _________ $ 3.73 $ 2.94 $ 1.93 Horse laboL _______ 4.27 2.83 1. 75 
EquipmenL _______ 1. 70 1.41 .87 Seed ______________ 
.20 1.32 1. 55 
Manure and fertiliz-
er ____________ 
.63 .90 .21 
Threshing ___ ______ 1.60 2.12 
Use of land ________ 6.60 6.86 4.9.6 
Miscellaneous ______ 
.70 .28 
Total cost per acre __ $17.13 $18.56 $13.67 
Av. yield, bus. per 
~ acre __________ 26.50 12.8 28.1 
Cost per bu. _______ 0.65 1.45 0.49 
TABLE 19.-COST OF MAKING SILAGE IN 1924* 
Stalks, 270 acres at $1.00 (Value as pasture) _____________ • ___________ $ 
Corn, 7155 Bu. at 94c (Value in field) __________________________ ~---
Engine, 23.55 days at $5.00 ______________________________________ _ 
Engineer, 15.55 days at $4.00 _____ _________________ ..: _____________ _ 
Gasoline, 958.5 gal. at 18c ________________________________ _______ _ 
Coal, 17.32 tons at $7.50 ___________________ ~ ____________________ _ 
Horse labor, 2889.6 hrs. at 10c ___________________________________ _ 
Man labor, 6418.5 hrs. at 20c ____________________________________ _ 
Meals, 733 at 25c _______________________ ~ _______________________ _ 
Corn binder charge, 128 acres at $1.25 _____________________________ _ 
Twine, 3171bs. at 14c ______________________________________ : ____ _ 
Pumping water with small engine, ·12 days at $2.00 ______________ · ___ _ 
Water boy 1.75 days at $1.00 ____________________________________ _ 
Deprec!at!on on s!lage cutter, 17,U% ______________________________ _ 
DepreCiation on stlos ____________________________________________ _ 
Interest on value of silos at 5% _______________________ ~-----------Miscellaneous charges ___________________________________________ _ 
Total cost of 1794.8 Tons _________________________________________ $ 
• Cost per ton ___________________________________________________ _ 
270.00 
6725.70 
117.75 
62.20 
172.53 
129.90 
288.96 
1283.70 
183.25 
160.00 
44.38 
24.00 
1. 75 
128.62 
593.50 
404.2() 
5.23 
10595.67 
5.9() 
·Data on factor requirements from actual records on the filling of 10 silos in the 
years of 1918 and 1919. . 
·Prices used were assumed as fair for 1924. 
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In 1924 detailed records of the cost of producing cotton in Southeast 
Missouri were obtained from 10 farms. The total acreage in cotton was 204. 
The average cost per ac're was $43.94. The average yield was 1131.1 pounds of 
seed cotton per acre, giving an average cost per pound of seed cotton of 3.88 
<:ents. Missouri Agricultural Experiment Station Bulletin 219 gives the cost 
and income of farm poultry flock. 
Taxation Problems of Agriculture (S. D. Gromer).-An investigation was 
made in Boone, Audrain, Gentry, and New Madrid counties as to the net 
income of farmers. Between 500 and 600 landlords owning rented farms were 
interviewed in order to secure the desired information. In general it was 
impossible to secure such information except from landlords, farmers in 
general not keeping accurate accounts of their business transactions. Also 
considerable data have been collected from the records pertaining to various 
state offices. 
The Agricultural and Market Value of Missouri FarmLands (0. R. J ohn-
son).-The sale value of farm lands has been brought up to date in Boone, 
Adair, ana Pike counties. A summary of 1924 Market values in Boone County 
is 'given in Table 20. 
TABLE 20.-VALUE PER ACRE OF BOONE COUNTY FARM LAND HI 1924 AND RELATION 
BETWEEN SALES AND ASSESSED VALUE 
Total No. of Total con-
, Township bonafide sales Total acres sideration Value per acre 
46 18 1,360.3 $ 50,775.00 $ 37.33 
47 13 880.5 38,187.00 43.37 
48 25 1,818. 235,777 .00 129.69 
49 20 1,334. 119,525.00 89.60 
50 14 1,446. 103,291.00 70.46 
51 10 * 495. 23,450.00 47.37 
Totals 100 7,353.80 $571,005 .00 $ 77 .65 
"On 9 sales. Number of acres on one farm was not available. 
TABLE 20 (Continued) 
No. of sales giving 1923 Percentage of 
assessed value Sale price Assessed value sale value 
16 $ 44,200.00 $ 29,055.00 65.73 
6 19,600.00 14,945.00 76.25 
20 192,060.00 84,055.00 43.76 
17 110,725.00 56,901.00 51.38 
10 60,016.00 38,875.00 64.47 
9 20,700.00 9,220.00 44.54 
78 $447,301.00 $233,051.00 52.10 
Movements of Rural Population in Missouri (E. L. Morgan).-This 
study included the counties of New Madrid, Perry, Ozark, Laclede, Cedar, 
Johnson, Lincoln, Knox, Grundy, and Nodaway, with an intensive study of 
Boone County as being typical. 
The causes of migration from the farm were found to be: 
1. Discontent with present farm. 
2. Enterihg another line of work. 
3. Desire for a better neighborhood. 
4. Desire for a better school. 
5. Forced out of agriculture because of economic failure. Poor soil, 
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poor roads, poor schools, close proximity to an industrial and a non-cooperative 
community were conditions which fostel'ed and encouraged migration. 
Twelve per cen t of those migrating believed that they had lost financially 
by th:e move. The other 88 per cent believed that they had gained. 
Community organizations such as school, church, farm organizations and 
general social activities appeared to have suffered through migration in that 
the population was rendered less stable in its affiliations. 
Farm Cost Accounting (0. R. Johnson, B. H. Frame) .-Financial records 
were obtained from 16 farms for 1924. Table 21 shows the summarization of 
14 of these records. 
TABLE 2I.-FINANCIAL RESULTS ON COST ACCOUNTING COOPERATING FARMS IN 1924 
Average of Average of Average of 
14 farms 7 high farms 7 low farms 
Net Income ___________________ $ 444.25 $1050.50 -$161.96 Living Expenses _______________ 733.20 686.93 779.46 Outside Income ________________ 
-64.72 -3.90 -125.55 Farm Income __________________ 1242.17 1741.33 743.05 
Farm Labor Income ______ 0 ______ 590 . 55 1353.00 -171.90 
Table 22 shows the profit from crops and miscellaneous costs on eleven 
cooperating farms in 1924. 
TABLE 22.-PROFITS FROM CROPS AND MISCELLANEOUS ITEMS ON COST ACCOUNTING 
COOPERATING FARMS IN 1924 
Net Profit per acre on corn ______ _ 
Acres corn per farm __________ _ 
Returns per hour of man labor 
on corn __________________ _ 
Net Profit per acre on oats ______ _ 
Acres oats per farm __________ _ 
Returns per hour of man labor 
on oats ___________________ _ 
Net Profit per Acre on Wheat ____ _ 
Acres wheat per farm _________ _ 
Returns per hour of man labor 
on wheaL ________________ _ 
Net Profit per Acre on Alfalfa ___ _ 
Acres alfalfa per farm ________ _ 
Returns per hour of man labor 
on alfalfa _________________ _ 
Net Profi t per acre on other hay __ _ 
Acres other hay per farm ______ _ 
Returns per hour of man labor 
on other hay ______________ _ 
Net Profit from Miscellaneous ___ _ 
Average of 11 
farms 
'$ 6.49 
44.5 
58c 
-$1.21 
6.3 
-9c 
$1.57 
29.6 
37c 
$2.19 
6.3 . 
28c 
$1.21 
23.3 
38c 
$368.25 
Average of6 
high farms 
'$ 10.25 
50.3 
76c 
-$.69 
10. 
15co 
$2.59 
35.9 
47c 
$2.32 
6.7 
27c 
$2.64 
12.3 
5Ic 
$329.88 
Average of 5 
.low farms 
$ 0.52 
34.6 
22c 
-$4.63 
1.8 
-36c 
-$.43 
22. 
tIc 
$2.03 
5.8 
29c 
$0.62 
36 .2 
30c 
$414.30 
The net profits shown in the livestock table can not be taken as a basis 
for comparing the relative profitableness of different livestock because of the 
different magnitudes of the enterprises. Cattle were the least profitable, but 
the comparison between the other three classes was not clear. Sheep showed 
lower profits than either hogs or poultry and returns per hour of man labor 
were higher than for either hogs or poultry, while in return from $100 of feed 
ONE YEAR'S WORK, AGRICULTURAL EXPERIMENT STATION 71 
fed they were second only to poultry. It is quite clear from the table that the 
comparative profitableness of a livestock enterprise when based on man labor 
may be different than when based on feed. This is the cause of the difference 
1n i~portance of these factors with different classes of livestock. 
TABLE 23.-PROFIT FROM LIVESTOCK. ON COST ACCOUNTING COOPERATING FARMS IN 
1924 
Average of 11 Average of6 Average of 5 
farms high farms low farms 
Net Profit on Cattle _____________ $-139.63 $-129.47 $-151.83 
Returns per $100.00 feed to cattle _____________________ 74.08 69.27 77.91 
Returns per hour of man labor 
on cattle __________________ 
.09 .062 -.081 
Net Profit on Hogs ______________ $138.79 $198.47 $67.17 
Returns per $100.00 feed to hogs 114.43 122.16 106.45 
Returns per hour of man labor 
on hogs ___________________ 
.60 .877 .353 
Net Profit on Poultry ___________ $136.55 $262.07 $-14.08 
Returns on $100.00 feed to poul-try _______________________ 158.65 170.94 79.59 
Returns per hour of man labor 
on poultry _________________ 
.565 .644 .078 
Net Profit on Sheep ____ __ _______ $26.95 $-5.74 $66.20 
Returns per $100.00 feed to sheep 153.10 75.32 179.12 
Returns per hour of man labor 
on sheep __________________ 
.731 .68 $1.44 
Beef Cattle Production in Missouri (B. H. Frame).-Table 24 gives an 
.anal ysis of the distribution of costs of feeding cattle in Missouri for the f1ve-
year period, 1919-23, together with an average for the entire period. 
TABLE 24.-COSTS AND DISTRIBUTION OF COSTS OF FEEDING CATTLE IN CENTRAL 
MISSOURI (1919-1923) 
1923 1919-1923 
No. of Records 79 391 
No. of Cattle 4,908 20,757 
Per cent of Per cent of 
I terns of Cost Av. cost cost Av. cost cost 
Initial Cost- ___ __ ___ __ __ $50.97 47.38 $63.92 49.24 Feed Cost ___ ___ ___ ______ 46.07 42.82 52.81 40.69 
Labor Cost _____ ____ ___ _ 2.65 2.46 4.14 3.19 
Equipment Cost- ________ 
.49 .46 .73 .56 Risk Cost ___________ __ __ 
.28 .26 .37 .29 
Veterinary Cost _____ . ___ 
.04 .04 .07 .05 
Insurance Cost ____ __ ~ __ 
.02 .02 .07 .05 
Taxes Cost _________ ____ 
.40 .36 .32 .25 
Incidentals Cost- ____ ___ _ 
.20 .19 .27 .21 
Marketing Cost _____ __ _ " 3.44 3.20 3.53 2.72 
Interest on Cattle ________ 2.44 2.27 2.73 2.10 
Interest on Equipment ___ .58 .54 
I 
.84 I .65 Total Cost ______ ________ $107.58 $129.80 
-------- --------
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The Standard of Living on the Farm as a Factor in Cost of Production 
(0. R. Johnson,B. H. Frame).-Table 25 shows the standard of living on 
farms as compared to the farm income. 
TABLE 25.-STANDARD OF LIVING ON FARMS AS COMPARED TO THE FARM INCOME 
Living Ex-
Standard No. of pense per Farm Farm Net Farm 
of Jiving Year farms person expenses receipts Income 
Low _______ 1924 5 
I 
84.78 1949.31 3182.54 1233 .23 
Medium ___ 1924 4 133.37 1837.65 4068.35 2230.70 High ______ 1924 5 295 . 48 4781 .59 5349.78 568.19 
The net income of the farm was computed to see if there was any relation 
between the degree of success in operating the farm and living standards. 
There is a distinct step upward in living standards, yet the farm income does 
not definitely show any infiuences from this practice. 
Cost of Family Living on the Farm (0. R. Johnson, B. H. Frame).-Table 
26 shows the cost of family living for 1924. The family living costs in 1923 
were considerably lower than for the preceding eleven years, while in 1924 
they returned to practically the same, level as for the period 1911 to 1922. 
TABLE 26.-ANNUAL COST OF FAMILY LIVING (1924) 
Classified Costs Per Farm Per Person %ofTotal 
Items Bought Groceries ________________________ 156. 56 40.70 13.89 Meats __________________________ 13.08 6.80 , 2.32 Clothing _________ ; ______________ 139.02 38.45 13.12 
Household Sup. and Repairs _______ 79.35 ' 21.05 7.18 School SuppJies __________________ 12.00 7.80 2.66 
Doctor, Dentist, and Medicine __ __ _ 60.16 13.64 4.66 FueL ___________________________ 31.51 8.19 2.80 
Hired Labor and Their Board ______ 24.34 6.33 2.16 
Li~ Insurance ___________________ 80.97 21.04 7.18 
Amusement, Trav. and Club Dues ___ 54.38 14.14 4.83 Benevolences ____________________ 44.28 11.30 3.86 
Personal (tobacco, candy, etc.) ___ 31.22 9.22 3.15 Miscellaneous ____________________ 17.08 6.17 2.11 
Furnished by Farm Products ________________________ 256.42 66.66 22.75 Use ofHouse ____________________ 64.41 21.47 7.33 
Total _______________________________ 1064.78 292.96 100.00 
Land Tenure in Missouri (0. R. Johnson).~A detailed study has been 
.made of the various items entering into the cost of conducting the farm busi-
ness. These various costs are then used in determining equitable renting 
agreements. The cost' of producing various farm crops, particularly corn, 
wheat, oats, and hay have been reported on under the project, "Cost of 
Producing Farm Products Under Farm Conditions." Tables 27, 28, and 29 
will show the origin of costs of livestock and mi~cellaneous accounts. 
ONE YEAR'S WORK, AGRICULTURAL EXPERIMENT STATION 73 
TABLE 27.-0RIGIN-OF-COST TABULATION ON LIVESTOCK 
(Cost per Head per Month) 
Dairy Other U ncla •• i fled 
Cattle Cattle Cattle Beef Cattle Brood Sows All Hog. 
9,083 head 23,762 head 14,260 head 20,757 head 7,232 head 77,664 head 
Items of cost 1913-23 1914-23 1914-23 1919-23* 1912-18 1914-23 
Man labor ____ $1.22 $ .21 $ .63 )5 .25 $ .10 
Horse labor ___ .05 .07 .05 4.14 .02 . 02 Feed _________ 2 . 70 2 .• 12 2.43 52.81 1.49 1.73 
Mi.cellaneou. _ . 11 
Equipment ____ 
.73 Ri.k _________ 
.37 
Veterinary ____ 
.07 
Insurance. ____ 
.07 
Taxes ________ 
. 32 
-----
I ncidental. ____ 
. 27 
Marketing ____ 3.53 
Interest _______ 2.73 
[nteres't on 
equipment .84 
Total. _____ _ $3.97 $2.40 $3.11 $129 . 80 $1 . 87 $1.85 
*The initial cost of the beef cattle was $63.92 per head. 
TABLE 28.-0RIGIN-OF-COST TABULATION ON LIVESTOCK 
(Cost per head per year) 
ltems of cost 
Horses. 1500 head 
1912-1923 
Brood Sows. 8.62 head 
per farm 1912-1923 
Man labor ______________ _ 
Horse labor _____________ _ Feed ___________________ _ 
Equipment ______________ _ 
Building Charge _________ _ 
Interest ___ _______ " ___ ___ _ 
Taxes __________________ _ 
Incidental ______________ _ 
Decreased inventory _____ _ 
Marketing _____________ ~_ 
Miscellaneous ___________ _ 
commission ___________ __ _ 
Totals ______________ _ 
$ 9.10 
.46 
62.84 
.10 
1.15 
5.54 
.20 
1.43 
5.31 
$86.13 
$ 8.02 
1.32 
108.84 
.44 
1.13 
3.74 
.23 
6.95 
1.51 
1. 80 
1.15 
$135.13 
A Study of the Rural Primary Groups of Boone County, Missouri (E. L. 
Morgan).-Boone County was taken as the area for this study because it 
appeared to be typical of the greater part of rural Missouri. Fifty-nine pri-
mary population groups (neighborhoods) and fifteen secondary groups, 
(communities) were found. Primary group consciousness was found to vary 
from high to low-minus, owing to local factors. It was highest in those neigh-
borhoods which were some distance from a community center and in those in 
which the opportunities for social contacts were greatest. The school was 
found to be the strongest factor in the maintenance of primary group con-
sciousness. Inter-group consciousness was developed best through the con-
solidated high school, followed by the church, the lodge, and the store. 
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TABLE 29.-0RIGIN-OF-COST TABULATION ON MISCELLANEOUS hEMS 
(Cost per farm) 
Items of cost 
Man laboL ____ _ 
Horse laboL ___ _ 
Newspapers ____ _ 
communications_ 
Organization dues ______ _ 
Miscellaneous __ _ 
R. R. fares, car 
fares, etc. __ _ 
Equipmenc ____ _ 
Machinery re-
pairs-~ ____ _ 
New Machinery _ 
Harness repairs-_ 
Hand tools _____ _ 
Taxes _________ _ 
Interest _______ _ 
Building charge __ 
Insurance ______ _ 
Grease, oil, gas, 
for engine __ _ 
Seed ____ ______ _ 
Nursery stock __ _ 
Spray materiaL __ 
Fertilizer ______ _ 
Land charge ____ _ 
General Farm Equipment 
No. farms: 60 No. farms: 72 
1912-1915 1912-1915 
$26 . 14 
14.93 
2.36 
8.09 
2.21 
15.91 
8.08 
3.84 
$19.60 
62 . 14 
8 . 83 
26.28 
95.29 
14.32 
5.14 
1.93 
28.64 
13.24 
.08 
4 . 18 
I 
Garden and 
Orchard 
No. farms: 50 
1912-1915 
$25.74 
11.61 
3.88 
3.53 
3.56 
4.67 
13.09 
9.81 
9.73 
Automobile 
No. farms: 3 
1912-1915 
$21. 99 
2.81 
42.75 
Gas _ _ _ _ _ _ _ _ _ _ _ _ 25 . 05 
Tires and tubes__ 26.37 
Other repairs ___ - 45 . 84 
Lic. fees, Rec. 
deed _______ 4.63 
OiL_ __ _____ __ _ 28.29 
-----------1----------1·----------
___ T __ ot_a_ls_- _-__ -_-_-' __ -'-$8_1_._56 ______ ..:..$_27_9_ .. 6_7 _______ ...:...$8_5_._62 __ --' __ $197.73 
Neighborhood boundaries were cut across in the efforts of the people to reach 
preferred po.ints for such service as church, trade, school, lodge, and black-
smith shop. Thus a farm family has at a given time, a number of separate 
and conflicting group loyalties. In the midst of this the neighborhood is 
losing much of the force it once had. Thisis being transferred to the larger 
community, which usually includes a town or village. This larger · rural 
grouping is new and now has less vitality and intensity of group conscious-
ness than the neighborhood, although it appears to be on the gain. It is 
this larger group, which is a combination of country and town, that will b~ 
of increasing importance on the development of rural affairs. The status of 
a community depends upon physical, economic and social factors which in 
a few cases are entirely beyond the power of the community to modify. The 
future of most community centers depends upon the ability to render 
superior service to the adjacent farm population. The negro primary 
groups are gradually becoming less intense in their social solidarity due to 
the competition of the larger community centers. 
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Physical, Economic, and Social Factors as Determinants in Certain 
Rural Pathological and Social Conditions in Boone County, Missouri (B. A. 
McClenahan).--A study of the minutes of the proceedings of the Boone County 
Court showed that a total of 104 families had received relief in their homes, 
principally cash grants. Sixty-five of these 104 families lived in rural com-
munities or in the country. 
Besides cash grants and supplies in kind, the County Court paid for seven 
burials and furnished transportation in two instances. 
Of the five persons committed to the State Tuberculosis Sanitarium at 
Mt. Vernon, two lived in the country. Of five sent to Marshall to the State 
Colony for Feeble-Minded, two cam'e from the country. Of eighteen persons 
committed to Fulton because of insanity, seven came from the country. Of 
eight persons who were admitted to the County Infirmary, five were from the 
countrv. 
Di'stribution of Farm Labor (0. R. J ohnson).-Table 30 shows the labor 
distribution on miscellaneous activities on the farm. The labor distribution 
on crop and livestock enterprises has been previously published. 
TABLE 30.-LABOR DISTRIBUTION STUDIES 
(Man labor and horse labor are reported ill hours per farm) 
1913-1923 1913-1923 I 1913-1923 Household' Real estate Outside 
193 farms 191 farms 194 farms 193 farms 192 farms 189 farms 
Month 
Man Horse Man Horse Man Horse 
labor labor labor labor labor labor 
March _____ 44.38 31.10 65.19 23.45 16.57 19.58 ApriL _____ 32.83 27.71 75.95 29.76 12.98 17.91 May ______ 26.13 20.71 70.32 24.88 11.53 18.68 June ______ 24.31 18.25 43.83 12.73 15.34 24.24 
July - - - - - __ 22.31 19.34 43.62 14.04 53.74 77.99 
AugusL ___ 23.60 21.30 64.52 31.94 49.92 60.92 Sept. ______ 22.80 25.48 52.59 21. 72 33.66 42.46 OcL ______ 25.48 31.31 53.64 26.68 24.11 28.79 
Nov. ______ 32.07 32.98 59.20 29.10 17.51 22.13 Dec. ______ 49.60 34.57 34.44 10.91 14.85 13.65 Jan. _______ 57.56 31.56 
I 
35.53 12.69 11.97 12.19 Feb. ______ 53.31 32.21 37.66 12.22 12.61 13.82 
Totals ___ 414.38 326.52 636.49 250.12 I 274.79 352.36 
General Plans of Farm Organization and Operation in Different Sections 
of the State (0. R. Johnson) .-A survey was made in Jackson and St. Charles 
counties in which a total of 211 head of work stock were used on 46 farms. Of 
these, there were only four young horses under 3 years of age. On five dairy 
farms that were keeping records five years ago, there were 34 head of mature 
work stock, and 13 young horses or mules. In 1923, five years later, there 
were 28 mature work horses and only two head of young horses or mules. This 
indicates a rapid decrease in horse production and unless it is possible to 
substitute farm machinery for horse labor a shortage of horse labor is in sight. 
Farm Management Survey (0. R. J ohnson.)-The following survey 
records have been taken: Linn County, 35; Jackson County, 43; St. Charles 
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County, 28; Buchanan County, 60. The factors have been computed on the 
Jackson and St. Charles records. 
TABLE 31.-LABOR DISTRIBUTION STUDIES 
(Man labor and horse labor are reported in hours per farm) 
1913-1923 General farm 1913-1923 Garden and orchard 
Month 
188 farms 178 farms ·146 farms 135 farms 
Man labor Horse labor Man labor Horse labor 
March __________ 16.48 13 . 3"1 12.17 9.82 ApriL ___ _______ 14.08 9.99 14.95 10.91 May ___________ 13.21 7.87 19.36 11. 51 June ___________ 11.14 7.26 16.51 8.25 July - _ - _________ 16 . 51 11.80 10.48 5.12 August- ________ 18.13 13.80 5.94 2.49 Sept. ___________ 14.56 12.93 9.51 5.56 Oct. ____________ 17.28 13 . 77 16.18 10.85 Nov. ___________ 12.27 11.11 4.59 3 .38 Dec. ____ _______ 13.27 9 . 65 14 . 69 1.12 
J an._ - - -- - -- - ___ 12.38 9.57 9.11 .7"8 Feb. _________ __ 12.63 11.05 2.08 1.60 
Totals _____ -' 171.94 132.11 135.57 71.39 
TABLE 32 -LABOR DISTRIBUTION STUDIES 
(Man labor and horse labor are reported in hours per farm) 
1913-1923 Feed and seed 1913-1923 Equipment 
Month 
179 farms 177 farms 192 farms 188 farms 
Man labor Horse labor Man labor Horse labor 
March _____ _____ 35.15 43.00 10.09 5.33 ApriL __________ 32.23 31.38 9.65 4.51 May ___________ 18.43 17.94 12.68 5.79 June ___________ 10.44 12.77 17.41 7.39 
Jl.lly ----------- 24.05 25.10 15.23 6.94 AugusL ________ 24 . 57 25.70 10.17 5.35 Sept. __________ _ 24.56 24.89 12.48 5.86 Oct. ____________ 28.91 32.46 9.72 5.70 Nov. ___________ 24.91 27.42 8.83 4.47 Dec. ___________ 28.02 39.80 6.25 2.87 J an. ____________ 28.35 ·37.49 5.56 2.34 Feb. ___________ 28.68 38.82 6.04 3.12 
Totals _____ ___ 308.30 356.77 124.11 I 59.67 
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SOILS 
M. F. MILLER, Chairman 
An Investigation of the Properties of Colloidal Material in Missouri 
Soils (Richard Bradfield, Wm, DeYoung and E. B. Powell) .-Flocculation 
studies.-The efficiency of neutral salts as coagulants has been found to be 
practically independent of the concentration of the clay, while the minimum 
amount of alkaline reagents required to bring about complete flocculation is 
almost directly proportional to the concentration of the clay. Studies on the 
duration of the effect of chemical treatments indicated that if liberal appli. 
cations of rather insoluble salts like calcium sulfate, CaS04 and calcium car-
bonate, CaCOs, were used the clay would remain flocculated for several years 
under ordinary conditions of leaching. 
Studies of the effect of different chemical treatments upon, (1) the rate 
of settling of colloidal clay, (2) the relative volume occupied by equal weights 
of sediment, (3) the viscosity, (4) the rate of percolation of H 20 through 
clay soils and (5) the microscopic structure of the floccules produced, indi. 
cated that these different treatments tended to produce fIoccules very different 
innature and that the resultant physical properties orthe system as a whole 
might vary widely with the different treatments. These results showed the 
necessity of considering the effect of the fIocculant upon the nature of the 
coagulum in addition to its efficiency in bringing about flocculation. 
Saiuration capacity.-Further studies of the acidity of clay soils by means 
of conductometric titration curves indicated that the method may be of great 
value for estimating the total acidity or "adsorptive capacity for bases." 
The end-point obtained was much sharper than that obtained with the hydro-
gen electrode and the method was quicker and more convenient. 
Distribution curves.-Considerable attention has been given to size dis-
tribution curves as a means of comparing the physical composition of clays. 
Curves for a series of soils have been constructed from data obtained by means 
of a modified Oden automatic balance and by the more simple differential 
sampling method of Robinson. Both methods were superior to the usual 
mechanical analysis. The Oden method was more exact while the Robinson 
method was better suited to large scale routine work. 
An attempt to determine the size distribution of the colloidal fraction of 
cla'ys by means of the supercen trifuge has been fairly successful. As noted by 
previous workers the greatest difficulty encountered in the determination of 
distribution curves was in the breaking down of colloidal aggregates to pri-
mary particles. 
Effect oj specUic surface upon some water relations of soils.-A series of 
separates made up of partiCles comparatively uniform in size, ' ranging from 
coarse sand to colloidal clay was prepared by repeated fractionation by sedi-
mentation and the specific surface (cm.2 per gram) calculated from the distri-
bution curves obtained by the Oden and centrifugal methods. The moisture 
equivalent of each separate was determined and the relationship to specific 
surface studied. With the separates kept moist a rather smooth curve of the 
parabolic type was obtained, indicating a direct relationship. Particles larger 
than 5 microns in diameter were not appreciably affected by drying or even 
by ignition. Air drying particles from 0.025 to 1.00 micron, however, resulted 
in the formation of aggregates which had practically the same moisture equiva-
78 MISSOURI AGRICULTURAL EXPERIMENT STATION BULLETIN 336 
lent value. Strong evidence was obtained that the particles under 1 micron 
were not primary units but aggregates of primary particles. 
Studies of the effect of specific surface of soil separates upon the rate of 
evaporation of water under controlled conditions of temperature, vapor 
pressure and air velocity indicated that the rate was not appreciably affected 
until the water content was reduced in most cases to less than 50 per cent of 
the moisture equivalent. 
The ultra mechanical composition oj clays.-Chemical analyses have shown 
that clay made up of particles about 1 to 2 microns in diameter was very 
similar in chemical composition to colloidal clay made up of particles .01 to 
.05 micron in diameter. In the preparation of the finer separates in the above 
mentioned study on specific surface it was found that the fraction 1 to 2 
microns in diameter continued to yield colloidal clay even after 50 washings. 
An ultra-mechanical analysis of the Putnam silt loam by a modification of 
the method of Williams indicated that practically all of the ordinary clay 
fraction could be reduced to colloidal dimensions by repeated washings. 
The smallest clay particle observed had a radius (calculated from Stokes' 
equation) of about 0.006 micron. Whether or not this rep res en ts the primary 
structural unit in clays has not been definitely established. It was, however, 
of the same order of magnitude as the value postulated by Wiegner. 
Studies Upon the Calcium Content of Soils and Its Relation to Acidity 
and the Response of Soils to Liming (F. L. Duley).-Attempts have been 
made to determine the effect of various soil treatments upon the amount of 
calcium that can be dissolved from a soil by means of .04N carbonated water. 
Applications of lime greatly increase the amount of soluble calcium, but not 
enough tests have been made to say definitely what the effect of other ferti-
lizers or manure treatments will be. 
Determinations have been made upon untreated soils from different parts 
of Missouri and also from experiment fields from five other states where the 
field results from liming were known. The results showed that soils well 
supplied with soluble calcium will usually produce good clover and other 
legumes even though the soil shows considerable acidity by the usual tests. 
This is also usually found on soils of rather high potential fertility. On some 
other soils, where the lime content was low, very good results were obtained 
from liming. This has been the case on the experiment field at Stark City 
even though the soil was only slightly acid. This condition is probably more 
often found on soils rather low in the primary fertility elements. 
The Determination of the Relative Values of Different Forms of Phos-
phorus Upon the Soils at Columbia (M. F. Miller and F. L. Duley).-In the 
spring of 1924 clover was seeded in the wheat plots that have received different 
forms and amounts of fertilizer since 1918. The residual effect of the ferti-
lizer treatments on clover was compared with the residual efft::ct upon wheat 
in 1922, when no fertilizer was applied directly to that crop. The residual 
effect of 150 pounds of acid phosphate was an increase of 19.6 per cent on the 
wheat crop and 81.4 per cent on the red clover. The mixed fertilizers gave 
very similar· results. This would indicate that the amount of residual effect 
produced by a fertilizer on the second crop after the application will depend 
largely upon the nature .of the second crop. In the case of wheat it is a full 
year after the application before the second crop is planted. In the case of 
clover it is seeded in the spring on the wheat and has a chance to use some 
of the fertilizer along with the first wheat crop. The fertilizer in this cast:: was 
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valuable in giving a more uniform stand, which ultimately affected the yield . . 
From these results, as well as similar results on the soils experiment fields, it 
seems fairly certain that the residual effect of fertilizer will be greater on clover 
or grass seeded with the small grain· than upon another small grain or culti-
vated crop. 
The Effect of Different Amounts and Different Methods of Applying 
Commercial Fertilizer on the Com Crop (F. L. Duley).-Owing to the un-
favorable season during 1924 the corn yielps were slightly below the average 
for the experiment and the differences due to fertilizer treatments were less 
than usual. A crop of sweet clover hay amounting to more than a ton per 
acre was harvested in the fall after removing the rye. In the spring of 1925 
.samples were harvested from each of the sweet clover plots to determine how 
much material was being turned under in the green manure. On the average 
there was approximately 2.500 pounds in dry weight of the green material 
turned under on May 4. The average increase due to the residual effects of 
the fertilizer was 443 pounds of dry matter per acre of sweet clover. 
The Rate of Accumulation and Cost of Nitrogen and Carbon in Soils 
Under Different Systems of Green Manuring and Cropping (M. F. Miller and 
F. L. Duley).-The spring of 1925 completed the eighth year of this experi-
ment. The plots were sampled and analyzed for total nitrogen. The systems 
·of cropping and green manuring have allowed some decrease in the total 
<:ontent of nitrogen in the surface foot of soil. The largest loss was in the case 
of rye plowed under each year, and the least loss in the case of sod. Even eight 
consecutive crops of rye followed by cowpeas the same season, both turned 
under, failed· to maintain the nitrogen content of the surface foot: The same 
was true of clover left on the land and turned under. Even manuring at a 
moderate rate in a rotation of corn, wheat and clover resulted in a distinct 
loss. 
Under Missouri conditions, it appeared that the nitrogen level of the sur-
face foot cannot readily be maintained above a content of 4000 pounds per 
acre. This was a lower level than was anticipated. It seems prohable that on 
soils of this character the matter of providing a large revolving fund of nitro-
gen from crop residues, manure and green manure is more important than the 
matter of maintaining a definite nitrogen level. 
Studies of Water Adsorption, Run-off, Percolation, Evaporation, Capillary 
Water Movement and Soil Erosion Under Field Conditions (M. F. Miller and 
F. L. Duley).-The work on this project has been greatly enlarged during 
the past year. Two new sets of plots, together with concrete tanks for collect-
ing the runoff, have been inst.alled. One set of two plots is located on an 8.48 
per cen t slope, and another set of six plots on a 6 per cen t slope. The latter 
includes plots of three different lengths. 
In addition to the new erosion plots two new lysimeters have been install-
ed. These were devised for studying the amount of leaching and evaporation 
as well as the composition of the drainage water from soils in place. 
The results secured from the older erosion plots during the past two seas-
ons have shown that the amoun t of soil lost from land plan ted to soy beans in 
rows may be very great. This raises the very important question as to whether 
soybeans as commonly grown, can be considered a valuable soil building crop 
on the rolling lands of Missouri. 
Some work started in 1923 to determine methods for rejuvenating eroded 
soils has given interesting results during the first year. The wheat yields for 
Hl21 were s iglli/ic~nt in th:lt th e yic ld from a plot rhat had rhl' surface soi l 
a ll removed, hut wa s treated with chemica l fertili ze rs prodllced 2;j.S bushel s 
of wheat per acre, wh il e a plor rhHt had the surface soil ill pia c hilt received 
no fertil ize r prod uced on ly 2:~.O hu shels. A third plot whi ch had the surface 
sni l removed hut rece il'ed no feni li/er trenrment prod uced onl y II hll shcls pe r 
acre. 
S urface soi l 
removed 
Fertilized. 
Yield 25.8 bu. 
S urfa e soil 
r(' mov~d. 
No t ft"l"tili zed. 
Yi e ld 6.00 bu. 
Sur face suil 
IltIt rem oved. 
l 'ntrea ted. 
Yit' ld 23.0 bu. 
Fig. 11.-Comparative y idd't flom plot s for s tud ying 111 th od~ of rt.'ju\' e nalin g erod dl 
Boi l s. 
Experiments to Determine the Best Systems of Soil Management fo r the 
Most Important Soil Types in Missouri- Soil Experiment Fields \ 1. F. l\liller 
a nd F. L. Duley).-The experiment fi e ld s at Willow prings , Strafford, and 
Maryvi ll e have been di scontinued. Table 33 shows the effect of soi l trea tments. 
when used in a four-yea r rota ti o n . These results, representing averages from 
a ll so il s t hr ug h 18 years , cmph asize the g re:1t s ign ifi cance of th ese so il 
treatments in soil improvement in Mi sso uri. 
TAR!.I' 3J.- SUMMARY OF T H NET R ETURN AND T H E PER ENTAGE I N REA SE ON MONEY 
I NVESTED IN SOIl. T REATMENTS 
Soi l Trea tmen t 
Legum e (cow peas or soyheans in co m ) _________ _ 
Lim e (2 to ns at sta rt- I ton eve ry 6t h yearL ______ _ 
Manure (8 ton s before co rn ) _____________________ _ 
B nem en l ( 150 lbs. wit h co rn Hnd whelltL __________ _ 
Acid phosphate ( 175 I bs. of 16 % wi t h co rn a nd when t) 
R ock Phos l hate (1000 lbs. with corn) _ _ ______ _ 
Potas h (25 lbs. nHlI'i a te with cor n and wheat) ______ _ 
Total ncr 
return per 
rota n on 
$- 0.+7 
2.74 
7. 48 
9.79 
8.36 
- 1.79 
1.56 
.Pe rce nta ge 
Increase n 
investment 
-59 
68 
93 
187 
191 
- 29 
126 
If the soil treatments u sed in thi s work were app li ed in practicc to simil a r 
soil s, the same amou n t of c rops uld be prodtlced 011 40 pe r cent less acreage 
than is now employed. 
xperiments to determin t h e va lue of soil treatments for pasture land 
in the Ozark R egion have been very promising. Where seeding old land to 
pasture t he use of ac id phosphate gave excell en t stand s and good growth of 
orchard grn ss, blueg ra ss, :lnd redtop. Still better res ults were obtnined where 
mnnurc wn s nud ed in aduit ion to the phosphate. Without soi l trentlll ent t he 
seeding of all of th ese grn sses res ulted in failur e. On new land orchard grass 
has don e fair ly well wit hout trenrment. 
Fig 12.- lled love,' a ll Sl. J ames Field, 1922. Manured land " im osl a com pi te 
failure ; pra ti ca ll y nil w ·to ls. 
Fig. J3.- r, and treated with lime and ferti li. r ; 2060 pounds of excell ent clover hay. 
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Crop Rotation and Fertilizer Experiments eM. F. Miller and F. L. 
Duley).-The experiment field on which these experiments are conducted has 
been nam~cl Sanborn Field in honor of Director Sanborn who laid out 'the 
experiments in 1888. The field has also recently been enclosed by a new and 
permanent fence. Since these plots have now been in operation for 37 years 
they are becoming very valuable for the study of special soil problems. 
During the past year some attention has been given to the effect of long 
continued manurial treatments upon the physical properties of this soil. 
Dvnamometer tests have been made to determine the effect of soil treatment 
upon the draft of plows. The results are being published in a sl'ecial article, 
but in general they show that although manure has very greatly increased the 
productivity of this soil it does not make the soil plow any easier. The moisture 
content has much to do with plow draft, plowing becoming more difficult as 
the soil becomes drier. 
The effect of a six-year rotation in connection with the use of manure and 
bone meal was well shown in the yields of 1924. Plot 13 in a six-year rotation, 
with no soil treatment produced ani}' 9.8 bushels of wheat per acre. Plot 12 
in the same rotation which since 1913 has received an average of 3 tons of 
manure annually and 200 pounds of bone meal before corn and before wheat 
produced 35.06 bushels of wheat per acre. 
The oats yields on the field were relatively good and deserve special men-
tion. It was interesting to note that the results of manure and fertilizer on 
oats was less marked in a crop rotation than it was with most other crops. 
TABLE 34~-YIELDS OF OATS I'ROM THE PLOTS HAVING VARIOUS TREATMENTS 
Plot Soil treatment Yield Bu. Per Acre 
OATS CONTINUALLY 
15 Manure 6 tons annually since 1889 46.59 
16 No treatment 24.50 
FOUR-YEAR ROTATION 
34 . Manure 6 tons an.nually since 1889 43.75 
35 . Manure 6 tons annually 1889-1913 
No treatment since 1913 49.00 
37 Manure 6 tons annually 1889-1913 
3-10-4 fertilizer 300 !bs. on corn 
200 Ibs. on wheat since 1913 50.53 
38 Manure 6 tons annually 1889-1913 
3-10-4 fertilizer, 300 lbs. on corn, 200 Ibs. on wheat and 2 
tons limestone with corn since 1913 45.94 
39 No treatment 43.3.1 
The relatively low yields on plots 34 and 38 were due in part at least to 
the fact that the oats lodged badly a few days before harvest. The heavy 
applications of manure on these plots frequently work to the disadvantage 
of oats and wheat through lodging. 
Nitrate Production in a Soil as Affected by the Crop and Cultivation 
CW. A. Albrecht).-During the past year determinations were made on the 
same series as previously studied, and similar observations were made. The 
nitrat e pr()du cti on res ponded as usual to spring tillage hy showing an increase, 
and (0 th e cro p growth h~' showing a decrease parall eling th e crop grow th. 
Soi l und er the straw mul ch ha's fail ed to give signifi cant nitrates. Carefu l 
studl' on th is mulch ed soil led to th e helier that through had ph ysica l condi-
ti on thi s soil had excessive l1l oisture, low temperature, and defi ient aerati on 
to such an ex tent thilt nitrate acc umulation was signifi cantly depressc I. 
In the cas' ot the pluts pl owcd ;It different month s in prep:1r<lt ion for 
wheat the early plowed plots showed morc ni trate in th..: fa ll than did th e 
i:He pl ow..:d plo ts. Thi s seems to be di!' to th e differences in weed growth. 
\\' e..:ds we lT lar~c l )' elimin ated in th e earl)' pl owe I plo(s, hut in th e late plowed 
plots t hel' made signifi cant growth in th e fall hefore plowin g as well as in th e 
Sll ccL'cdin g (TOp. The weights of whcat on thcse plots hal'c a lso shown signiti -
cant difrercnces in yield s in favor of the cilr lilT plowin g. 
Fi ",. 14.-(At Idl) !'I ot .17, Four year rotatioll. No soi l trea tm e nt. Yie ld of oab 
ill 1924. '13.3 hushels. (A I right) Pl ot 37. F our year rotation. ~ l nl1 urc Jrst 25 year;. Fa· 
tilh~cr sin ce 19 14 Yi eld of oa l! 1924, SO ,S hu shrl", 
An Investigation of Methods of Improving Heavy Clay Subsoils (Ri chard 
Bradfi eld anti E. B. Powe ll ).- Th e effect of chem ica l treatments tip n th e 
rate o f percolation (water through the heavy cia), laye r' ha s bee n stlldi ed. 
In the fi eld s tud ie galvani zed iron cy linders, open at both ends and about 
six inches in diameter, were imb dded about f ur in hes in the heavy la ye r 
and latera l movement of t he wat r re lu ced b~' a mea ns of layer of paraffin. 
The r·ate o( percolation estimate I (rom th e amou nt o( water requ ired to main-
tain a ertain leve l in the rlinder indi ated that the rate was appreciably 
in reas d by applica t ions or' aSO •. Appl ica tions f 8 ton s a 0 3 equivalen t 
of n per acre actually decreased th e percolation rate. 
Laboratory studi es of percolation movements through natural soil cylin-
ders 5 inches in diameter obtained with a specially devised sa mpling auger, 
gave promising results; but th e experimental error, due largely to natural 
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variations in the structure of the cylinders, was very great. Allowing the 
natural cylinder to become air dry in the laboratory before applying the treat-
men ts greatly increased the rate of percolation: In a second series oflaboratory 
studies in which small cylinders were filled with carefully graded, dry, granu-
lated samples of the same clay, more consistent results were obtained. All 
treatments when applied at the rateof ten tons CaCOa equivalent per 2,000,000 
pounds of soil gave increased percolation over the checks. The order of effec-
tiveness was CaH.PO., UCaSO. and UCaO, UCaSO. and UCaC03, CaSO., 
Al.(S04)a, CaO, Check. The percentage increase over the check ranged from 
580 per cent for CaH.PO. to 137 per cent in the case of CaO. 
Profile studies.-The variation in chemical and physical composition in 
a series of typical Missouri soil profiles was studied and significant differences, 
depending on the stage of development of the soil were observed. The SiO. 
content was usually greatest in the surface and least in the subsoil. The Fe,Oa 
and AI.03 content always bore, a reciprocal relationship to that of SiO •. The 
high content of sesquioxides was always directly, correlated with the content 
of colloidal material. Size distribution curves of the different horizons showed 
great increases in the amount of finer particles in the concentration horizon. 
Stich curves furnish an excellent means of studying the development of soils. 
Effects of Different Soil Treatments, Long Continued, Upon Bacterial 
Activity in the Soil (W. A. Albrecht).-Studies were conducted during the 
past year on two continuous wheat plots, both of which had received annual 
applications of manure at the rate of 6 tons per acre for 25 years, from 1888 
through 1913. Since 1914 one of these plots received no treatment while the 
.other received acid phosphate, at the rate of 200 pounds per acre annually 
with the wheat seeding. 
The study of the nitrate and ammonia production in these two soils under 
laboratory treatment again emphasizes the low bacterial activity in these 
soils as they occur in the field. During twelve weeks of incubation these soils 
gave no significant increase in ammonia or nitrates when untreated. The 
addition of lime gave significant increase in nitrates in both of these soils 
during this period, indicating that lime deficiency or soil acidity was a sig;-
nificant influence in the low nitrates in these soils. When treated with organic 
matter, or with both organic matter and lime, both of these soils showed a 
marked'rise in their nitrate production. Under treatment of both lime and 
, organic maUer, the plot which had received no phosphate showed a much 
greater increase in nitrates than when treated with organic matter only. In 
the case of the plot which had received acid phosphate, the nitrate production 
under treatment of organic matter only was- almost exactly the same as that 
where both organic matter and lime were used. Moreover the total nitrates 
produced with organic matter alone was equal to that produced on the un-
phosphated plot treated with both lime and organic matter. This suggests 
that the use of acid phosphate in the Qne plot has brought on as rapid a nitrate 
producing ability as has the use of lime in case of the other plot receiving no 
phosphate. It suggests that possibly acid phosphate is having an influence 
similar to that of lime so far as nitrate production is concerned. 
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VETERINARY SCIENCE 
J. W. CONNAWAY, Chairman 
Infectious Abortion Investigations (J. W. Connaway, H. G. Newman, 
A. Uren*).-Work on the following phases 'of the infectious abortion problem 
in cattle and swine was carried on during the year.-l. Studies on the in-
.fectiveness and virulence of afterbirths from cows carrying B. abortus (Bang) 
infection.-I t has been previously shown that afterbirths expelled at the time 
of an abortion, or even at a full-time calving, contain the Bang abortion 
bacilli. Difficulty, however, has been . experienced in cul-tivating these or-
ganisms, or in infecting guinea pigs, from afterbirths obtained from long-time 
persistent abortion reactors at normal calvings. However, the Bang abortion 
bacillus has been shown to be present in the udder in the late stages of lacta-
tion, and in the colostral milk at time of parturition. The persistent or chronic 
reactor should always be regarded as a chronic "carrier" of the Bang abortion 
infection. The questions therefore as to what extent the abortion bacilli are 
discharged in the afterbirth at time of a full-term, normal parturi tion, and how 
virulent these bacilli may be, are important questions. 
The experiments of the current rear were carried out on five heifers; 
all non-reactors for the Bang abortion disease. They were fed placental 
tissues and fluids in large quantities from one or other of three persistent 
reactors to the abortion test. One of these supply animals had been used in the 
previous tests. She had aborted three times but had become a regular breeder, 
and had given birth to several living calves, although the presence of the Bang 
bacilli in the udder was demonstrated. The other two cows from which 
placental tissues were obtained had each aborted twice; but each had become 
regular breeders. 
Three of the five non-reacting heifers which were given portions of 
placental tissues and fluids were pregnant; and the other two open. One 
of the latter was bred after feeding the placental fluids, and the other heifer 
which was thought to be pregnant at the time of ingestion of the placental 
tissues, proved later to be non-pregnant. The results from the feeding with 
the afterbirths to the five heifers in this series were, that none developed the 
serological reaction for the B. abortus anti-bodies, either from passive ab-
sorption of preformed antibodies, or from the production of antibodies as the 
result of active infection. Monthly blood tests were made. The colostral milk 
of none of the pregnant heifers showed a positive reaction for B. abortus anti-
bodies at time of calving; nordid the blood of the one living calf, after nursing, 
show the reaction. The inoculation of guinea pigs with colostral milk was also 
negative. . 
Two of the pregnant heifers carried their calves over-time, one eight 
days and the other thirteen days, and in both cases the calves wete dead when 
born. The investigations in these cases excluded the Bang abortion infection 
as the cause of death. 
The results of the experiments of the present year and those previously 
made indicate that in cows whiCh are persistent reactors to the tests for the 
Bang abortion disease, and carrying permanent udder infection, but have 
become regular breeders, the ute'rine or placental infection becomes sparse 
or its powers to infect and produce abortion are greatly mitigated. The fact 
*Subst,tuting for A. J. Durant on leave of absence. 
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should not be overlooked, however, that infected cows, that have aborted one 
or more times and have become regular breeders, have aborted again. That is, 
the infection which is permanently harbored apparently regains its virulence; 
or on the other hand its vaccinal properties, as a mitigated infection, have 
become so weak as to have no value against more virulent strains recently 
introduced from outside sources. 
2. Studies on swineabortion.-Concurrent experimental studies on the 
Bang abortion infection in swine, carried out at this Station, also lead to the 
conclusions given concerning the mi tigation of the infectiveness and virulence 
of" the Bang abortion organism in the long-time persistent reactors. The 
monthly tests of the experimental swine herd showed that notwithstanding 
the persistence of the infection in certain individual sows, the herd infection 
seemed to be dying out. This result was evidently not due to an acquired 
"herd immunity" arising from an increased resistance of the individuals in the 
herd; but rather to a diminished infectiveness and virulence of the strain of 
B. abo1·tus organisms harbored by the persistent reactors. The fact that more 
and more of the progeny of the persistent reactors are non reactors to the test. 
although exposed to the infected sows, justifies the in terpretation given. 
The term "herd immunity" is probably a dangerous misnomer that blinds the 
herd owner to the danger that exists from the introduction of new and virulent 
strains of the Bang abortion infection from other herds. 
3. Sterility and abortion infect jan.-The incidence of sterility to the 
occurrence of the Bang abortion disease in a herd is well shown by the records 
of the swine abortion experiment herd. Some sows that are "carriers" of the 
Bang abortion micro-organisms conceived and farrowed average or even 
'large litters of living thrifty pigs; a larger number, however, of these abortion 
infection carriers did not prove profitable because of their small litters, and 
the failure to rear a good percentage of a living farrow. A good illustration, 
which is by no means an isolated case, is a sow still in the experimental herd, 
and which aborted eleven pigs during the first gestation in 1920; at which 
time cultures of the B. abortus (Bang) were isolated from a dead fetal pig. 
This sow has had nine litters of pigs, including the first aborted litter. At each 
farrowing she has shown evidence of "partial abortion"; that is, a failure to 
develop in utero and carry to full term the proper number of living healthy 
pIgs. 
The poor breeding results shown by this sow were doubtless due in part 
to secondary infections which invade the genital tract of aborting sows; but 
the primary cause in this and many similar cases can be ascribed to the Bang 
abortion infection, since in this case the sow remained a persistent reactor. 
Blood tests were made monthly, and with but few exceptions gave a positive 
reaction. Moreover, the colostral milk at each farrowing period showed a 
positive reaction; and the blood of the living pigs, after nursing, also showed a 
positive reaction. Guinea pigs inoculated with colostral milk from this sow as 
late as the seventh farrowing developed typical lesions of the B. abortus 
infection, and pure cultures of the specific organisms were isolated and iden-
tified. 
I twas evident that in this case the continued presence of the ,abortion 
infection was not helpful, as a "living vaccine", in the prevention of "partial 
abortion" in this multiparous animal. Evidence is not lacking that, even 
though individual animals of the bovine species become regular breeders 
qfter aborting, from infection with the Bang bacillus, sterility, either tempo-
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rary or permanent, is too often one of the costly sequels. The natural mitiga-
tion in virulence of the infection in herds that have been long infected, as men-
tioned in a foregoing section, does not compensate for the losses due to sterility 
from the infection of an animal or a herd with the Bang abortion disease. 
4. Factors affecting reliability of the serological tests for the Bang abortion 
disease.-Since the reliability of the complement fixation and agglutination 
tests for the practical diagnosis of the Bang abortion disease had been called in 
question in Veterinary Journals, and in Veterinary Association meetings, a 
check on the methods andresults was carried out during the year to discover 
and rectify possible faults in the technique used in this laboratory. Blood 
samples were drawn from cattle in herds where the clinical.history of each 
animal was known or could be obtained. Moreover a considerable number of 
these cattle had been tested several times during previous years, and the 
results were available for comparison. A few experiment station laboratories in 
other sections of the country were asked to make tests of duplicate samples. 
The laboratories cooperating were those of Michigan, Wisconsin and Minne-
sota, in the north; Georgia and South Carolina in the south; and California 
and Oregon in the far west. Six lots of blood samples were drawn and mailed 
at different times between April 30 and June 18, 1925. A total of 124 blood 
samples from 119 cattle were tested. Three laboratories, including our own, 
used both the agglutination and complement fixation methods in these check-
ing tests; the other five labortaories used the agglutination test only. 
In most cases the blood samples arrived at destination in good condition; 
even those sent to stations farthest away. Some of the serum samples, how-
ever, that had been delayed in transit did not arrive in good condition. 
The conclusions from this investigation are that both the serological 
tests are exceedingly accurate and practical in the diagnosis of the Bang 
abortion disease. However, the blood samples should be in good condition 
at the time of testing, for reliable results. 
Poultry Disease Investigations (J. W. Connaway, A. Uren, H. G. 
Newman).-'l. Suspected European fowl plague.-The laboratory was called 
upon to investigate several suspected outbreaks of the European fowl plague; 
but a thorough study of the sick birds, and the autopsy of many dead birds, 
as well as the inoculation of healthy fowls and the bacteriological study of a 
number of suspected cases, led to the positive conclusion that the highly 
infectious European fowl pest was not responsible for the ailments investi-
gated. The infections found in different birds and flocks were fowl cholera, 
diptheritic roup, and a virulent form of infectious bronchitis. The bacterial 
flora cultivated from lesions was abundant. Practically all the organisms 
included in the commercial grouping of mixed infections were found in the 
cultures, but the filtrable virus infection was not present in the blood and 
tissues. 
2. Avian Tuberculosis . ....:..There has been a great increase in tuberculosis 
among the poultry flocks of the state during the past few years. This has 
increased the demands for diagnostic service and aid in preventive measures. 
An experimental study on the transmissibility of the infection begun was 
continued. Pigs which had been fed tuberculous organs from chickens were 
found infected, and the infection was retransmitted to chickens. Tuberculous 
infection from the same source was transmitted to a rabbit and also to the 
more refractory guinea pig. Some studies were made on tuberculous infection 
of the bones of fowls. 
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ZOOLOGY 
w. C. CURTIS, Chairman 
Inheritance of Color in Crosses Between the Various Breeds of the 
Domestic Turkey CW. R. B. Robertson).-The chief characteristic of each 
breed of turkeys is the color or color pattern which it possesses. In the domes-
tic turkey we have the following breeds: black, bronze, Narragansett, Bour-
bon red, buff, slate, blue, and white. The following series of hereditary factors 
are concerned in the production of these colors·; namely, "BI", "Br", "Nar", 
and "R", which determine the distribution of colors in the patterns of the 
black, bronze, Narragansett, and Bourbon red, "Sl" ,or slate, a dilution factor 
affecting black pigment, "c" and "c", "color" factors which determine the 
presence or absence of pigmentation in plumage, shanks, feet, and beak, and 
"Dr" and "dr", intensity and dilution factors which affect the intensity of 
red pigmentation. 
In heredity the factors "BI", "Br", "Nar", and "R" seem to form a sys-
tem of quadruple allelomorphs. They may, however, be a series whose loci 
lie so near together that it would be, with the limited numbers obtainable in 
the F generation, pract.ically impossible to determine whether they are all 
true allelomorphs. So far any two of these factors have been found to Mendel-
ize with each other in the usual 1 : 2 : 1 or 3 : 1 ratios. In the series "BI" 
with "Br" o~ "N ar" gives black with a very few bronze or partially bronze 
feathers widely scattered over the plumage. With "R", "Bl" gives a "rusty" 
black in which there is a slight trace of barring with white in the wing feathers 
and of barring with brown to a slight extent in the remainder of the plumage. 
Such "rusty" colored blacks produce approximately 25 per cent pure blacks, 
50 per cen t "rusty" colored, and 25 per cen t red like the Bourbon red. The 
"SI" and "sl" factors are independent of the above series of allelomorphs in 
their distribution. "Sl" in combination with "BI" produces a beautiful "blue" 
colored bird, in combination with "Br" and "Nar" a reddish slate, and with 
"R" a red bird similar to the Bourbon red except that the contour and covert 
feathers are tipped with slate rather than black. The "e" and "c" factors are 
likewise distributed independently of the "Bl", "Br", "Nar", and "R" series, 
so that it is possible to have white birds carrying and transmitting but not 
showing the pattern for the bronze, black, Narragansett, or Bourbon red or 
any two of these. The "Dr" and "dr" factors occur in the int~nsely colored 
and dilutely colored reds, that is, the Bourbon red and the buff, and have been 
found to be transmitted independently of the "Bl", "Br", "Nar", "R" series 
and also of the "C", "c" factors. 
During 1924 the total number of eggs laid by 45 hens was 2513, or an 
average of 47 for the flock. This figure included 20 hens that either arrived 
late, became sick, died during the laying season, or that were used for brooding 
young turkeys during the latter part of the season. The 25 hens that were. 
allowed to lay during the whole season produced 1786 eggs, or an average of 
71.44 eggs each. Of these, 9 hens produced more than 71 .eggs, 7 more than 
80 eggs, 4 more than 90, 3 above 100, and 1 laid as many as 122 eggs. The 
average size of eggs for the 45 turkey hens was 84.28 gros. The average 
length, 64.5 mm. and the average transverse diameter was 48.0 mm. 
The Department of Veterinary Science took careful notes on all sick 
turkeys and determined the cause of death by post mortem examination on 
those that died. It has been found that the best method of insuring freedom 
ONE YEAR'S WORK, AGRICULTURAL EXPERIMENT STATION 89 
from "Blackhead" is to hatch all eggs in incubators and to brood the young 
turkeys in artificial brooders on prairie land upon which neither old turkeys 
nor chickens have been allowed to run for several years. The young turkeys 
were allowed plenty of range on grass and were shifted to fresh range each 
week. They were first fed on hard boiled eggs and skim milk and later shifted 
to the usual grain and mash ration with milk. 
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